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The Institute for the Future is an independent 'research organization, founded
as .a nonprofit corporation for/work solely the public interest. It is dedicated
exclusively to systematic and compretier0e study ofthe lonkrange future.
The Institute's primary aims, as formulated liiivit§ Articles of Incorporation,
are fourfold: , . ' : -

-,. -

".... to enlirge existing understanding concerning techkologicni, envieonmental,
and societal changes ann. their long -range consequences; to develop new
methodology to cant' on 4uch tails; to make available 1,viithout discrimination
the results of such research and scientific adva es to t ublic; and taserve
as an educational and traintrig center foi''sel rsis business, govern-
ment, foundations, and universities vdth respe to su search activities."

'
The Institute's research firogram has two major components: development of
forecasting methods for the analysis and 'synthesis of potential futures, and
the application of suchamethods to the prokleyns of society. Among thygeneral
areas of this research are thefulnre state iinifeiJnion; thd.influence of future
'technological developments on societal trends; social indicators and the quality
of life; and lonerangeurban.and national planning, More specific topics have
'also been examined; s'uch, as Ike futurienffinsing, plastics, computers, com-
munications, insurance, education, and employee kenefits., Institute research
giaeraljy is conducted by means. Of.such futures - analytic techniques as the
Delphi method, cross- impact analysis, and simulation,as well as the more
traditional methods of physical- Mid social-science research. ,
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PREFACE

In the spring of 1973 the Institute for the Future held a series, of

four workshops,* each focusing on a particular aspect of the social 4mpact

.of-oemputers:-(1) computer models'and simulations as aids to'decision
4

:making; (2) the use of computers in financial operations; (3) perceptions,
1. .

attitudes, and literacy regarding computers (1.e., knowledge about the ca-
.

pabilities and limitations of'computers in meeting human heeds); and (4)

individual access to computers; The collective purpose of these workshops

was twofold
1

to define some of the_most important. societal issues stem-

ming framthe present and potential uses of computers; and to formulate an
.1

effective program of study, research, and demonstration 'for achieving a
0

bette understanding oethese issues.

This report reflects the distilled and eollectilierjUdgments'of approx-
. .

imately sixty workshop Participants, supplemented by the research and anal-,

ysis of the staff of the Institutd for the Future. It poses questions rath-'

er than provides answers about the present and future solt1 impact of corn-
/

puters. These questions covey two principal messages. The first, is-an,

early warning ef\the need to.aCquire a deeper understanding of how.compu-

'ters affect the decisions we make; the goods and services we Rroduce,",and,

the wOrld.we pexceive. The seconOinessage is an urgency to begin the job

of systematically acquiring this improved.understanding now, before it is
4

too late. A program for doing this is formulated and proposed ,4erein; the ,

`estimated cost of, this program,is believed to compare very favorably With

the perceived societal benefits of moving'toward the'develiPpment of a more

humane and socially useful compuXer technApgy.

. '*A fifth workShop was'held at theeend of the series to help integrate
and evaluate the results of the four preceding workshopS.

e
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I. BACKGROUND AND PURPOSE

D

A. INTRODUCTION

The need for. understanding the ways in which the future development

and uses of technology may affect our lives has become urgently clear in

recent years. Equally apparent is the need for understanding how Changes

in life style may, in turn, affect -the future development and uses of tech-

nology. What is not so clear,however, is how thlse understandings are

\best4obtained.

sthdy is an initial effort toward achieving a better understand -

ing of the social impact of a gr up of society's most pervasive technologies-- \

..

computer and computer-related.t nologies.* 4t does this.by 'formulating a
.

program of retrospection,.monitori.ng, experimentation, and education-, which
$1.

4
is aimed at systematically achieving an improved understanding and at pro-

viding early rndicators,of both problems and opportunities.

One is tempted to use the rubric technology assessment to help describe

what is being attempted here. However, technology preassessment is a more

appropriate' descriptor, for in fact, the groundwork has been laid 'for.a fo-
.

cased set of d assessments. * *,.
.

Literally n ds of'different aspect of the potential impact of

computers on society might be identified and'explored. Since the detailed

assessment of any of these can be an expensive undertaking,-it is necessary

*The term is defines to include the computer and the associated hard-

wave and software technologies surrounding its application; namely, input/
output devices, data banks, communications networks, programming languages,

and so forth.

**National Academy Of Engineering, Committee on Public Engineering Pol-

* icy, A Study of Technology Assessment, Report to the U.S. Congress, Houss,,,

Committee on cience and Astronautics (July. 1969); National Acidemy of Sci-

ences, Technology: Process of Assessment and Choice, Report to the U.S.

Congress, House, Committee on Science and Astronautics (July*1969); and

Martin V. Jones, A Technology Assessment Methodology: Prbject Summary,

The Mitre Corporation (June 1971).
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to establish a priority ranking among the principal candidate research

areas. This preassessment stuay addresses precisely that problem:

The approach used in this preassessment effort resembles .the approach

that would be used in a 'full assessment study, but with two major differ....

ences: first, evaluations of potential impacts are used to sdreen candi-

date areas rather than to study them in detail; and second, heavier reli-

ance is necessarily placed on informed group judgments than on hard data.

One of the central concepts in establishing a priority ranking is that

.of social im et. In the context of this study, emphasis was Placed equal-

ly on the indirect and/or unintended social consequences, of computer tech-
.

% nology and on the direct and/or intended consequences. This concept guided

both the generation of candidate program areas and the assessment'of their

cost-effectiveness.
,

, Although the intuitive meaning of social impact is fairly clear, the

methodsfor assessing social impact operatiqnally are far frqm being well

understood or developed.* In this study, social impactt potentially ascrib-

able to computers were characterized by a conceptual framework of three in-
/

teracting

tor

elements. Each element, in fact, yielded a checklist of indica-

S'

possible impacts. The first element
4
of the framework represents the info

emn syst itself. Appropriate indicators for gauging changes are data

rates, transfer paths, memor sizes, and the like. The second element rep--

resdnis the social system to which the information system is linked. The

irelevant indicators of change may be wealth, ncome, status, power, and so

forth. And finakly, the third element is the value system. Impacts in.

0

*National Academy of Engineering, CoMmittee on'Public Engineering Pol-
icy, A Study of Technology Assessment, Report to the U.S. Congress, House,
Committee on Science and Astronautics (July1969); Hugh V. °Will, A Tbch-
nologgAssessment Methodology: Computer Communications Networks, vol. 3,
MTA-6009, the Mitre Corporation (June 1971); Vary T. Coates, Technology and
Public Policy: The Process of Technology Assessment in the Federal Govern7,
ment, Dols. 1 and 2, Program of Policy Studies in Science and Technology,
The George 'Washington University (July 197..); and Robert T. Holt, "Antici-
pating the Social Consequences of Technological Change", paper read at the
Annual Meeting of,the Division of Behavioral Sciences, National Academy of
Sciences, 19-20 May 1972.,

to
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V

this area may make themselves felt as changes in privacy, choice, equality

of opportunity, and the like. (See .Appendix A.) 4

B. THE PROBLEM

Computer and computer-related technologies are affecting each of our

lives in many subtle and not so subtle ways. Any number of measures can

be used to gauge these effects. The most aggregated measures relate to the

size and rate of growth of the computer industry itself. Within approxi-

mately altwenty-five-year period, the industry has grown from virtual non-

existence to one which accounts for well over 100,000 computers worldwide,

valued in excess of $20 billion. The number of computers is expected to be

a shade under 500,000 by 1985,* with about two-thirds of these in use
1

! the United States. In,1970 the total annual investment in this area in the

United States represen ed about 0.6 percenb=of GNP; this is expected to

grow to about 1.4 perc nt of GNP by 1985, a threefold increase from 1970 in

-constant dollars.** I is widely speculated that the computer industry (in-

cluding related inforration services) is very likely to be tffe largest indus-

try in the world by the tip of the century, if not sooner.

.
The presIpt size and expected growth of the industry may indeed be

among the'poorest indicators of potential social impact. What is perhaps

more relevant is the almost incredible pace of technological development.

The use of a few measures will illustrate thpoint. In the past decade the

Speed of computation (i.e., using electronic components only) has increased

by a factor of ten every four years, while the size of electronic components

has decreased by about a factor of terluduring this period. What is even r'

more striking is that the cost of raw computing power has also decreased by

a factor of ten every four years.*** And it appears that all of these

*The most rapid growth is expected in minicomputers during this period.

**J. R. Salancik, Theodore.J. Gordon, and Neale Adams, On the Nature of
-Economic Losses Arising from Computer-Based Systems in the Next Fifteen
Years, Report R-23, Institute for the Future (March 1972).

***Paul Armer, The Individual: His Privacy, Self-Image and Obsolescence,
presented to the U.S. Congress, House, Committee on Science and Astronau-
tics, Panel on Science and Technology, Eleventh Meeting (January 1970).
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trends will be sustained for the remainder of this decade -- except that even

' more dramatic reducti9ns in the size:of electronic components are in the

offing. It is difficult to 4isualiz9the effect such equivalent changes- -

particular those related to cost-:-might haves on the development and appli-

-cation-Of othex technologies. But perhaps they explain in part Why compu-

ters ha/ acquired a-foothold in an almost endless array of application

areas and why growth continues unabated in tho4 areas in which they are,a1-

ready well e9tablishedi It i8, in fact, difficult to identify any societal

sector that is not either directly or-indirectly affected by the use of.

computers.

TheMotivation for applying computers in any particular sector usually

stems from a desire tp reduce costs or improve efficiency, even though these

objectives are not allays .realized in-practice., In addition, the applica-

tion o? computers often makes it possible Vb accomplish tasks that would n

have been otherwise 1:,actical, feasible, or safe--due to constraints of ti

or operational comple4ty. But the indirect effects th t computers produce

on the 'organizations in which they are used are 'perhaps en morel important. .

Then, too, it is important to understand how computers are viewed and per-
s

.ceive4f by those individtals (e.g.., managers, emaoyees,'and customers) whose

lives are touched by theM. Few data are available concerning the mpact of

computerson organizations--in terms of changes in goals, comm nication pat-

terns, centralization 4r decentralization of dedision making, and so forth.

However, some rudimentary data on the effects !of computers on individual

perceptions and attitudes do exist. .0

' As might be expected, individual perceptions 9t, and reactions to, com-

paers\are ambivalent. Positive attitudes generally result from viewing

computers in medical, scientific, and technical, applications. However, pre-

dominantly negative reactions are associated with the impaCt of computers

on employment., privacy, depersonalization, and concentration of power.*

*Time Magazine and American-Federation of Information Pressing So-
cieties, Inc., A National Survey of the Public's Attitudes toward Computers

(New York: Time, 1971); Thomas I,,McPhail, "How the Public Receives the

Computer: Some Social-PsychologiAal Dimensions", in Stanley Winkler, ed.,

Computer Communications: Impacts and Implications, Proceedings of the

First International Confez'ence on Computer Communication, Washington, DC,
24-25 October 1972; and Stanley Rothman and Charles Mosmann, Computers and

Society (Chicago: Science Research\Associates, 1972), pp. 213-251.

a
12
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Most of these perceptions are not-yet well developed, except possibly those

dealing with the threats of unemployment. However, issues of personal pri- '

vacy and depers nalizatiOn are seeping increasingly into public conscious-

ness as a result of reported abAses_in_the handling of credit, health, and

law-enforcement data. Perhaps less appreciated at this point is the ex-

tent to which c puters may facilitate the acquisition, concentrakien, and
1

.

manipulation of litical or economic power.*

This is nol to suggest that no efforts have been made to assess the'

/

impact of computers; but rather- that such efforts have been largely frag-
.

mented, uncoordinated and ad hoc. For exampl/ e, in 1965 he National COM-
* ,

'mission on Technology, Automation, and Economic Progress commissioned some
.

...,
. short studies aimed at exploring the impact of computers on several spe-

\ cific industries. ** In 1967 the firist thoroughgoing study of priviACy was
,

completed ]y A. F. Westin*** (suppo ted by a grant from the Caxneg4'Found-'
/

1 ation). More recently; in 1972 the results of a comprehensive study were _

reported by A. F. We4i.n and M. Baker/ (supported by the National Aclademy

of Sciences and the-Russell Sage FioUndatiOn) on the impact of priVacy and

due process on both manual anu tomputerized record-keeping processes.****

And in, the past year (1973),,both the Advisory Committee [to the Secretary
..,

of thg Department of Health; Education, and Welfare] on Automated Persbnal

Data Systems and the National Ccumission on Criminal S,tandaids and Goals

have highlighted the basic issues' that must be resolved in connection with

the record-keeping functions of public agencies.***** These and related

*See Rothman and Mosmann, op. cit., pp. 243-245, for an interesting,
\acCOunt of the use of computer data,analysis in a political campaign. //

**Paul Armer, Computer Aspects,Of TechnolOglpal Change, Automation, Find
L

Economic Progress, Report to the Nati
,_(Septemb 1965); and Merril

nal Commis4on on Technology, Auto-'

\

mation, and Economic Progressl/ Flood, -Ceklm'et-,
cial Information Processing Network--Pr spects and Problems in Perspective
(September 1965).

*

***Alan F. Westin, Privacy and Freedom (NevYak: Athenium Publishers,
19Q7).

,A;

**Z.*A[lan] F. Westin and M. Baker, Databanks in a Free 'Society Mew York:
Quadranlie Press', 1972.

*****U.S. Department of Health,'Education, and Welfare, Secretary's Ad-
visory Committee oMAttom4ed Personal `Data Systems, Records, Computers,
and the Rights'ofSitizens4HEW Publication No. (OS73-94 (July 1973):

13
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effortslave served to call attention to the necessity for administrative

,actions, legislative measlres,'anct surveillance effort, A aimed at achiev'ng

an'effective balance of the requirements for privacy, due process,-and ef-

ficiency in record-keeping operations.' But very little has beeri done in

studying other potentially important social-impact areas.

This situation should perhaps not be altogether surprising for.such

"other" effects are somewhat more subtle and still not clearly visible.

True, job displacement and unemployment generally produce direct, highly vis-

ible, and immediate effects; however,, issues of depersonalization and is-

s.ctsues_of. privacy are a bit more subtle--at least initially. To be
.s3
ure, many

have. experienced the loss of "personal touch" increditLhandling*and billing

transactions, or may have become aware that information on federal tax re-

turns is also available to others (e.g., state agencies); but even here it

is likely that most Americans would yet not identify such issues as major

social concerns.

This re Live unawareness is due, in part, to the nature of the impacts

themselves. 14 st of the social effects of air pollution, transportAion

congestion, and energy shortages--wheh' they occur--are not only physical but

also tangible and readily perceived. this is not t.iTease when social ef-
.

.

fects stem from information-system changes that alter decisi -making proc-

esses; communication patterns, or power balances. Even in a society whose

activities are increasinglx shaped by information technologies, such impacts

seem too diffuse and intangible to be grasped readily, if at' all.

The effects--no matter how subtle--are nonetheless ofcritical impor-

tance to society. They can affect the basic structure and fabric of society

for they have an influence on how we make decisions, how we organize to pro-

duce goods and 'services, and even how we perceive the world around us. For

example, decision makers', in both the public and private sectors, are becom-

ing increasingly dependent on the outputs of computer models to gupe re-

source 9allocations, to forecast econom0 developments, and to evaluate

military strategic optiOns. Similarl', the alteration of inform tion-flow

patterns produced by computer applications is having a profound fect on \

the structure.,,=objectives, and efficiency of organizations and e tire in-
, JP'

dustrial sectors. But perhaps the most important ,social effect are those

14
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N

c.

, .
, .

linked to the ways in which Contact and experience with information systems
0

affect the image of one's self and'the world in which one liVes. cluded
1 .0

here are questiOns pf the possible inhibiting effects of personal-information

,availability on behavior (how :A.s, individual behavior modified?), the role

of the as Wmediating agent i :ersonal transactions (what is

'the effect on feelings of isolation or D.,:longing?), and the impact of compu-

ters on one self-image as an inte_ligent, rational being (what

/
is the ef-
7?-477--

fect on man's psyche?). ,

I

-
.

C. THE CHOICES

There are several'possible.strategies for dealing with the issues out-

lined above. The first is to wait--wait until:. the effects now y. dimly

perceived become more Visible. This is what the program pro sed herein

seeks to avoid, for it'is believed that the penalties for,' and missed oppor-,

tunities of, not acting now are high. A closely related strategy is to "mud -

idle through",,that is, to respond to problems on an essentially ad hoc

But the pace of changeas well as the complexity and esetensiveness of the

potential impacts--makes this an unnecessarily haiardous Course to pursue.
1

Still another possible strategy is to embark on a program of particularized

technology assessments ''analyses aimed at forestalling or minimizing prob-

lems and exploitijg opportunities. At present no effective tools exist for

doing this convincingly, although the recommended program:lays 'the grokind-,

work for ultimately making such assessments.

The course proposed here is to structure a program of study and action- -

including retrospection, monitoring, experimentation; and education --that

can provide early warning on.the critically important issues and that can'

also reffect aglent of priorities for action.' The time remaining for dor-

ing this is getting uncomfortably short. It is true that the most recent

study by Wesein and Baker* shows that compu ;er- applications

preciablyaltering the balance between information policies

and. individual rights to privacy. However, this balance is

and a systematic monitoring program to provide guidance for

*Westin and Baker, op. cit.

a 15
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itiative in the still less visible impact areas noted earlier.

\,The price for inaction can be high, as evidenced by our failure to do

systematic assessmentrfUr*VMT-tbk

.4teleVision,, Scattered efforts have been made'to assess the impact of tele-

vision on the behavior of children, and some data _is aviliableon.the

cial and cultural impact Of television in certain developing countries:*

4 But, on the whole, these efforts have been too late and too fragmentary in

proportion to the magnitude of the.effects that have been produccd. The

same.may be said for other socially widespread technologies, either in ret-

1:

rospect pr prospect (e.g., the automobile or the telephone) ..A Howevekj a num.;

ber'of proposals now exist for comprehensive social assessments of-a-variety--

of communicatiObi media, including the telephone and teleconferencing.**

,.4

.e

4

0

*Television and Growing Up: The Impact of /Televised Violence (Wash-

ington, DC: U.S. Government Printing Office, 1972); and Wilbur Schramm

and Daniel Lerner, eds., Communication and Change in Developing Countries

(Honolulu: Bast-West Center Press, 1967).

**Alex Reid, New Directions in TeleCommunications Research, Report to
the Alfred P. Sloan Commission on Cable Communications (June 1971).

1.6



.

II. STUDY APPROACH

if
i.

As previously noted, the objective of this study 'was twofold: (1) 'to

define some of the critical societal issues arising from present and po-

tential uses of computers; and (2) to structure a research program aimed at

achieving a better understanding of these issues. The purpose here is to

describe both the rationale and the steps of the study approach.

4

'51

A. IDENTIFICATION.OF CRITICAL ISSUES

The problem of identifying critical societal issues related to compd-

terimpact is identical to the more general issue-identification problem

that exists at the beginning of any broad inquiry. What 'specific areas

should provide the focus for the detailed exploration?

The baSic rationale for selection was: at, least one critical issue,

area sbould be process-oriented or should cut across. ,a number of cothputer-

application areas; at least one should be applications- (ox sector-) orient-
,

ed; and at least one should be strongly value- (or ahoice-:) oriented. Be-
,

yond this, some general criteria were used in the search; namely, the poten-
<.?

.tial'social-impact areas should be extensive in scope and, more importantly, I

future-oriented.

The °selection prdbess was largely iterative. Major dependence was

placed on the judgments of knowledgeable researchers at the Institute for

the Future and the National. Science Foundation, whpplemented by selective j,

contact with several 'consultants outside these organizations;

a process-oriented area (i.e., models and S1 lations) .and an.

organizations; The choice

I.

si
/-

..

applications-oriented area (i.e., the financialisector) were fairly
4

straightforward compared to the selectionLof e value-oriented areas.(per-i

Ceptions, attitudes, literacy, and access). /
.

Once each critical issue area had been agreed upon, the specific subij-

sues that were &proviae the focus for a detailed inqUiry were formulated/.

L

.74kj
.41.

i
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For each issue, a set°of guideline questions was drawn up. These provided

the basis for both additional Institute research and the search for experts-

(or participant) whose points of view were to be elicited.

B. . SELECTION OF EXPERTS

Each issue areaand its related subissues) was quite broad in scope.

Nc.sihgle individual could be expected to be knowledgeable in any but a

small'part of any such area. Further; since each issue area was intrinsir

ally future-oriented, heavy reliance necessarily had to be placed onlindi-
A

vidual judgment andpersonal perception. Thus, whatever the particular

(

data-collection mechanisd used, access to the diveiie views of U set of

carefully selected individuals was of critical importance.

Several general criteria were used in the search and selection proc-

esses. First, of courser individuals were sought whose backgrounds matched

the subissues developed rhithe guideline questions. Second, priority was

,given to those individuals with backgrounds that showed evidence of concern

with the larger envirdnment in which computers function and are perceived.

Third, a determined effort was made to select individuals who were likely

to,represent diverse or conflicting views* of possible future developments.

And, finally, in some instances, a conscious choice was made of particular

individuals whose substantive expertise was somewhat "peripheral" to the ma-

jor issue areas involved.

The process by which'ihese selection criteria were applied was systems-

tic, but largely empirical. An initial roster of approximately 150 candi-

date experts was drawn up from literature searches, personal knowledgend

solicited referenc .es. For each candidate, biographical data was collected

and relevant publications searched. Approximately 70 invitations were is-
,

sued to candidates in order to acquire the targeted 66'Who Participated in

*For example, the participants in the Workshop on Computer Models and
Simulations represented competences in ten different substantive fields:

'physical sciences, defense systems, financial planning, corporate, planning,
econometrics, health services, Jrban planning, regional planning, environ-

mental systems,-and ecology.
/
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the study. This provided 10 to 15 contributors for each of the four tajor

issue areas selected--a group size consistent with empirical data collected

by the Institute and others.*

C. DATA COLLECTION

. Any number of methods might havelibeen used, singly or in combination,

to elicit data from the invited contributors: personal interviews, ques-

tionnaires, invited papers, workshops, and perhaps even teleconferences.

Heavy reliance'was placed in this studyon structured, face-to-face work-

shops in order ft° exploit the interactive`quality of this communication

mode.

A series of four two-day, data-Collection workshops was held over a

period of thtee months. Each of the workshops was structured around one

dominant issue area: -(1) computer modeling and simulation'as an aid to de-

cision making; (2) computers and financial processes; (3) compute;:percep-
-----

tions, attitudes, and literacy;'and (4) computers and individual access.
7
Although-some variations existed in the ways the workshops were structured,

the basic pattern included the following-three elements: presentation of

papers by three or four participants who addressed specific guideline ques-

. tions and issues; reports from several panels organized around specific is-

sues generated during workshop discussions; and generation, distillation,
4

and evaluation of i' list of candidate research program areas.**

D. DATA INTEGRATION

The summary and integration of data was done in two distinct stages.

The first stage occurred at the end of each of the four data-collection

*Norman Dalkey et al., Studies in the Quality:of Life (Toronto: D. C.
Heath and Co., 1972).'

f*A review of Chapter III, Summary and ReAcommendations, will not pro.,
vide the reader with a clear and accurate sense of both the dynamics of the
wfirkshop sessions and the differing and often donflicting views that were
aired. For this, the reader is urged to turn to Chapters IV, V, VI, and
VII.
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workShops.Aescribed,above. The second stage occurred at a fifth (integrat-

ing) workshop herd several months later.

0

First Stage '

Several hours before the close ofeach data-collection workshop, the,

parti ipants were asked to identify and describe (in writing) the most im-
.

portan program areas stemming from the wo.rkShop presentations and ex-
.,

change . Important at this point was defined generally as "degree to which

a contribution is made to understanding social impact". Inputs from eaph

participant were collected, summarized, and then fed back'td the partiei-
,

pants in a closing workshop session.

In this final session, candidate program areas-weft redefined, aggre-

gated, and fleshed out. Each participant was asked to ealuate (in writ-

ing) all of the e candidate program areas in terms of both r searchability
.

(on a rating,scale of 1 to 3) and importance (priority ranking).* These

,evaluitions were then combified, and the five top-ranked program areas from

each workshoplwere used as inputS for the integrating workshop.

.second Stage

' The final data integration was done at the fifth workshop, attended by

two-participants from each of the four preceding workshops and two observers

from the National. Science Foundation. The starting point was 'the twenty

top Ranked program areas.distilled from the data-collection workshops.

The first step was the review, redefinition, and consolidation of the

twenty candidate program areas--including, at times, going back to the

original workshop summaries for relevant inputs that might have been'oVer-

looked. This proces6 resulted n a modified list of nineteen program areas.

(See Chapter III, Summary andA

*Participants in the Workshop on Computers and Individual Access did
-not favor using formal rating or ranking schemes for preference ordering.
Instead, the evaluation inputs from the ' articipants at this workshop were

used for general guidance only.

20

4.
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R

,

-The n'ext.---tep--was- the -cpccification of 411e= -f' for

theifinal 'selection and evaluation of program areas.* It was determined

that each candidate program area would be evaluated. with respect to three

major criteria:

rating, on a scale of 1 to 5; of its contribution to the"uhder-
standing of social impact, if the program were successful (see
Appendix A);

,

probability of 'success, if the program' weAt,adequately funded; and

minimum support level required, broken down in terms'of cost per ,
year and number of years.'

,t The final evaluation process comprised twoOdistinct -rounds. In
f

each
< %

round, participants provided estimates of the parameters described above.

(§ee 1Figure 1.) Averages of estimated `quantities in the first round were

comp tabulated, and fed back to the .Qerticipanis. Opportunity was

then provided foi the pArticipahts to discuss the reasons for major devi-

ations from these averages before reestimates were provided of all quan-

tities in the second round.

r.

*The method used has been adapted from a prior study at the Institute
for the Future: Olaf Helmer and Helen Helmer, Future Opportunities for
Foundation Support, Report R-11 ,(1970). -

4,1
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III. SUMMARY AND RECOMMENDATIONS

Nineteen research progtam areas* have been identified and formulated

as key-in achieving a growing underStanding of the social impact of compu-

ters in,the next decade. 'These were distilled from the more than fifty

candidate areas generated at the four workshops.on computer impact. The

nineteen final area.; are structured in three major groupirigs, reflecting

three different dimensions of social impact:** (1) computers as tools in

decision making; (2)1 computers as components in operational systems; and

(3).CoMputers as shapers of perceptions, behavior; and attitudes of indi-
.

viduals and groups (both interpersonal and institutional effects). The

proposed program areas are listed below.

Group A: Computers as Tools in Decision Making

Al. Retrospective Studies of Models, Modelers, and Modeling Processes
A2. Values and Cognitive Styles of Model,Builders
A3. Role of Group Judgment in Modeling
A4. Data-Base Requirements for Models
A5. Interface between Model Builders and Model Users
A6. Validation of Computer Models

Group B: Computers as Components in Operational Systems * **

Bl. Structure and Regulation
B2. Economies of Scale
B3. Standardization
B4. Audit Trail, Surveillance, Security, and Fraud

*Ad 'mentioned earlier,,the program areas include four distinct kinds
of activities: retrospection (e.g.,rthe impact of information systems on
institutional goals); monitoring (e.g., invasions of personal privacy);, eX-
perimentation (e.g., the social psychology of information Systems); and/
education (e.g.,' compxter literacy). The general term program is used to
designate the entire collection of program areas.

- **Some inevitable overlap exists among the three categories.

***The financial sector (i.e., banking, insurance, and securities indus-
tries)' is used as the prOtotype application area.



Group C: Computers as Shapers of Perceptions, BehAvior anti Attitudes

Cl. Retrospective, Comparative, and Case Studies of the impact of
Information Systems

C2. Humane Design Criteria for Information Systems
C3. Requirements for Computer and System LiteriCy
C4. Computer Literacy for Decision Makers and Opinion Leaders
C5. Regulatory and Competitive Dimensions of Access
C6. Behavioral Consequences of Information Availability

C7. Conflict between the Right to Know and Personal Privacy
in Information-System Design

C8. Aggregation of Indivfdual Value Judgments and Me4iation
of Interpersonal Communication

C9. The Social Psychology of Information Systems

A. COMPUTERS AS TOOLS IN DECISION MAKING*

Computers can assist decision making in many ways. But pe2haps one of

the most important is the use of computers in model building and simulation.

In computer modeling, the most basic questions do not deal with the intri-

cacies of building specific models or the design of special languages.

Rather, the key questions are-: How is a model to be built? What shouldlit

include? How is it to be validated? These questions reflect the largely

ad hoc nature of modeling as it is nopracticed, where specific models are

built to meet particular needs.

Even so, it is interesting to note the variety of ways in.which the

use of computer models can impact society in decision - raking contexts. In

particular they can: (1) provide structure in defining the decision to be

made; (2) make it possible to cope with a compressed time scale; (3) pro-

vide a richer choice-set; (4) contribute to "variance reduction" in evalu-

ating a set of possible outcomes; (5) become an independent factor in the

decision process; ;(6) give the decision maker the courage to act; and (7)

strengthen the notion.of intentionality in human affairs.

The following six candidate program areas address many of the funda-
-.1k,

mental issues related to the social impact of computer models.

*See Chapter IV for a detailed description of the proceedings leading,
to the recommendations contained inthis section.

.24
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Al. Retrospective Studies of Models,
Modelers, and Modeling Processes

Retrospective studies should be designed to improve; general 7tandards

and practices in modeling. Those factors that result in success or.failure

heed to be identified and evaluated (e.g., activities that deal with "tun-

ing" or "aajustment" of models, as wellas the heuristic learning that takes

place with model Use); and the characteristics of "good" models (e.g., level

of detail and aggregation) need to be studied. In a very pragmatic sense,

models may achieve credibility either by being on the "winning side" or by

alerting the decision maker (e.g., when using a corporate model) notto take

a particular action; however, the quality, availability, and timeliness of

documentation can also be very important ingredients in determining model

success.

Caution should be exercised in the extrapolation of general principles

from individual retrospective studies since some question exists on the ex-

tent to which the results of such studies may be'leneralizable. 4,

)

A2. Values and Cognitive Styles of Model Builders

Research should be aimed at achieving two objectives: (1) the devel-

opment of ways to structure models so that the value framework of the model

builderls made as explicit as Possible; and'(2) the identification of the

basic elements of cognitive styles of successful modelers and the develop-

ment of useful criteria for identifying and training such individuals.

It is recognized that value-free modeling is unattainable. However,

by examining such values, one should be able to weight their influence on
,

;lode]. structure and model outputs.

A3. Role of Groul, Judgment in Modeling

Methods for the collection, integration, and incorporation of multir

disciplinary inputs fromseveral experts to derive information on mo

structure and coefficients need to be explored. 'Considerable emphasis

shOuld be placed on the role of modelifig as a communication and integrat-'

ing vehicle to help bridge organizational boundaries and to compensate "for
t.

conflicting assumptions and externalities. Because the use of group judge,

ment in problem solving clearly transcends its applicatiowin modeling, ity

t. -

1
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may be that this application should be pursued in conjunction with other

efforts for enhancing grOup communication and problem solving.

A4. Data-Base Requirements for Models

Research should be aimed \t the development of procedures for achiev-

ing a balance,between the characteristics of 4 model (e.g., structure and

cost) aqk its data requirements (e.g., sources, costs of acquisition, and

error,_ tolerances). Particular attention should be givel to the creation of

paCkages of general reformatting and 'data- scrubbing" programs that can be

used wiJh'data bases that'are incomplete, fragmentary, or involve different
a

time frames.

A5,. Interface between Model Builders and Model Users

At least two important study areas exist here: Al) the development of

more effective ways to couple the varying' skill levels'of users of a model

to the model-building prOcess; and (2) an analysis of the behavior of a

decision maker when confronted with a number of decision-making inputs, one

, or more of which is deriyed froM a computer model. ,Methods used by decision

makers in-weighting information inputs from several:sources should also be

explored. . ' (71 ' ftp

, a /I4 A6. VSidationidf*Camuuter Models'.

.,,There is an: urgent 'need- to develop procedures fdr judging the degree

to which .a modeles.embles the ' li4eof reality" it putports to represent. ,

\.

This /4d pnfticularly true for mo els representing social systems, where

.there'tremo weld-developed procedures for validatiOn.

The process ofsvalidation sometime be done by
-

coMPtving the

with,model w. laboratory eAperiAe ;? sometimes-py comparison to test cases

that can be handled by other methods; sometimes by compar!son to history;
.*, . .

4 .
.

. -and sometimes by comparison. with cbmmonsense, intuition, or professional
, 1 . .

w 4 judgment. traildation May involve-an examination of the structure of the

,

.
,

mode1,0 he alg'or'ithms that 'axe used to sore the mathematic's, the computer-

=-

progr m i!epresent tio6 of the structure, or the determination of parame-

tbrs...a special output . features (including "pathological" cases in which

/

*NI,
.9.0g0

A

pr
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the output behaves unexpectedly). The precision with which validation

must be done really hinges on the purposps of the model.

It is probable

by-case basis, even

any case, only when

that validation may.not be possible except on a case-

though the valfaat,ion procedures may be similar.' In

the validity of a model can be ascertained can soup&

judgments be made about the relevance of its results.

A. COMPUTERS AS a6ENTS IN OPERATIONAL SYSTEMS*

Somewhat orthogonal to the uses of computers as tools in decision mai-

ing are their uses as, elements in operitional systems.' Arid for thisj'any

number of application sector's might have been selected.'-*einancial secr,

for turned out to be a particularly good one since compute i,have a long

history of usage here, and considerable aata on. impact are available. It

may thus be regarded as a prototype for Other, computer-application sectors.

It is interesting to note some of the possible impactA de computers

in the financial sector: (1) creating payment' mechanisms that are more'vul-
,

nerable to "overload" and Icrashing"; (2) forcing r,aexamination.of economy-

of-scale 'arguMents that `'lay be obsolete; (3) encouragiiig subtle cOncentra-
,

tions of.power; (4) creating a new class of privacy issues stemming from

the role of financial intermediaries'rand (5) perpetuating processing. sys-
,

tems'that should have been discarded.

Structure and Regulation

Research should be aimed at an analysis of the relationship of indus-

try structureto regulation in the financial sector and the ways in which
,

this structure (and its 'relationship to regulation)eay be modified by the

application of computer technology. Key study areas include: $(1) the in-
.

tent, impact, and cost-efLectiveness'of regulation; (2) the relative gro4th

of integrated or specialized services;

repackaging of old'services on indUstry

plications of technological innovations

(3) the impact of new services and

"structure; (4) the regulatory im-

; and (5) marketing and distribution

6,0

*See Chapter V for detailed descriptiondof the proceedings leading
to the recommendations contained in this subsection. -,'

I
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systems pf financial intenaediaries, particularly economies of cross-

selling services.

B2. Economies Of Scale

The extent to .whiCh econbmies of scale exist in the financial sector

isnot known; nor is it known how these arc being modified by applications

of the computer. Study areas should include;, (1) a determination of the

existence of, and distinctions between, aggregate and unit economies of

scale; (2) comparisons of large -scale computer systems to minicomputers and

.
communication links; (3) the cmpetitive impact of joining trading and post-

trading execution systems; (4) the,applicability of economies of scale to

production-function characteristics of an organization's product/service

,outputs; and (5) the relationship of economies'of scale to industry struc-
-

ture, natural monopolies, and regulatory options.

f

B3. Standardization

TherelativeomeritS of technical.and.operational standardization in

"" the finan'cial sector heed to be explored from both cost-benefit and juris-

.dictional standpoints. Key areas, would Include: (1) -the purposes, nature,

andtiming of standards; (2) communication system/us er interface standards;

and (3) the relationship of standards to economies'Of scale, monopolistic

'tendencies, and interfacing requirements.

84. Audit Trail, Surveillance, Security, and Fraud

Potential computer-related abuses created by the increasing automation

Of the financial sector need to be identified and analyzed. Study areas

should include: (1) the economics of audit-trail implementation for moni-

toring the-quality and propriety of decisions; (2) the development of new

sets of "pattern indicators",to detect abuses, and (3) the relationship of .

survei-- ance methods and standardization choices.
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C. COMpUTERS AS SHAPERS OF PERCEPTIONS,
BEHAVIOR, AND ATTITUDES*

At a +her level of abstraction than the use of computers alp tools

for decision making or as operational system elements is their role as

shapers of social behavior. This role is a composite of the behavioral im-

act of perceptions about, and access to, computers.

The candidate program areas are predicated on the notion that wide-

spread knowledge about computers is the best defense against possible haz-

ards and provides the best platform for realizing potential benefits. The

nine areas in this section span an extremely wide range of activities.

Two deal essentially with existing systems to determine the impact such

systems are having both on their Users and on related institutions. Par-

ticular concern here is aimed at developing and applying humane design cri-

teria. Another two areas deal with long-term and short-term educational

needs for achieving computer literacy at various societal levels. Because

structural factors within the information-system industry itself may al-
;

feort ac cz e*s to computers for individuals and groups, one area deals exclu-

sively,.4ith the regulatory and competitive aspects of access. The four re-
,

maining areas are concerned with understanding some of the most difficult

personal effects of computers. Included here "are the inhibitory effects

of information availability on individual and group behavior, the search

for principles for balancing requirements of personal privacy and the right

to know, the role of computets as mediators of interpersonal communications

and relations, and--perhaps the most ,difficult area of all--the effets of /

computtracCess on one's perceptions of oneself and the outside world.

Cl. Retrospective, Comparative, and Case
Studies of the Impact of Information SxsteMs

Research shodld be aimed at two objectives. The first is the study of

the ways in,which the application of information systems serves to modify

institutional objectives and purposes. Included here are: (1) publi-

policy issues of efficiency vs. privacy and social uniformity vs. diversity;

*See Chapters VI and VII for detailed descriptions of the proceedings
leading to the recommendations contained-in this section.



-22-

and (2) an assessment of secondary and higher-order impacts of proi6Sed.*I-

formation systems on institutions of all kinds.

The second objective is the systematic review of 'computer- system ap-

plications to assess their impacts (e.g., skill levels required and style

of information used) on system designers, managers, and users, as well as

On the public at large Included in the range of investigations are: (1)

transitions from manual to computerized systems; (2) the impacts of in-

creased access on keepers of information systems; (3) the relationship of

access to social control; and (4) comparative analyses of access using in-

ternational systems (e.g., Swedish income tax) as referrants.

C2: Humane Design Criteria for Information Systems

Information-system features that unsure respohsivenbss of such systems

to awide range of individUal choices must be identified and utilized. In-

cluded here should be: (1) a detailed study of the concerns of the various

groups interfacing with computer systems; (2) the identification of gaps be-

tween these concerns and the characteristics of present systems; (3) the

structuring of remedial action programs; and (4) anasses4ment of,the costs

and benefits. Corrective programs might involve a variety of methods for'

achieving personal differentiation, including input-identification systems,

the tailoring of services to individual needs, and the humanization of the

information system/user interface.

C3. Requirements for Computer and System Literacy

Basic computer functions must be understood at,various societal and

ucational levels. Research should'he aimed at raising the level of pub -

1'c awareness so that computer systems could be exploited more fully and

pdssible abuses avoided. This effort should include the structuring of

broad educational programs, spanning grade school through college and con-

tinuing adult education. At the grade-school level, the new math could be

adapted to include some "hands-on" time with computers so that direct ex-

periences can be obtained by students from the beginning. At the high-

school level, the need is for completely new courses, taken by all students,

which convey information on the technical and operational features of com-

puters, as well as their present and potential social impact. At the

ao
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college level, a basic instructional unit. for first-yea4 students should

provide direct and active experience with the computer in a multidisci-

plinary setkingr(i.e..., drawing together students from a variety of

disciplines).

C4.7 Computer Literacy for Decision
Makers and Oninion Leaders

Decision makers and opinion leaders in both the public and private

sectors must gain an understanding of basic computer applications; and ap-

propriate processes for transferring such knowledge must be designed. The

objective here should be to produce a more immediate increase in awareness

of the capabilities, limitations,cand costs of computers than would! be pos-

sible with the more broadly. based, long-term efforts discussed in program
.1

area C3 above: Particular care would have to be exercised to prevent such

efforts from being, or appearing to be, lobbying exercises for computer

sciences or'technology.

CS. Regulatory and Competitive Dimensions of Access

Structural factors within the infokmation-services industry/(including
I

natural monopoly, centralization vs. decenralikation, and vertical inte-
/

gration) need totbe analyzed and evaluated in terms of their influence on

intraindustry competition and access. Included should be: '(1)retrospec-

tive analyses of regulatory developments in the communication a.d computer

industries; (2) the relevance of natural-monopoly considerations; (3) le-

gal barriers to-access; and (4) a definition of public record.;

C6NBehavioral Consequences of Information Availability

Measuring mechanisms need to be developed and experiments must be de-

signed for collecting data which indicate the possible effects of increas-

ing availability of personal information on behavior. The range of explor-.

ations might include detection of behavioral changes arising from such
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stimuli as: (1) the operation of the Bank Secrecy Ace* (e.g., incidence of

transactions under $5,000)1, (2) records on political activity of particular

social groups; and (3) the nature of medidal records keeping (e.g., extent

of quantitative vs. subjective data used).

C7, Conflict between the Right to' Know and
Personal Brivapy,in Information-tystem Design

Research should be aimed at the development of basic principles'with

which to balance the conflicting requirements of access and due process at

both individual and_organizationWlevels. Included here should be: (1)

the, development of operational definitihS and taxonomies of access and

privacy; (2) the Structuring of generic case studies of conflict, together

with assessment of,costs and benefits; (3) the identification of anomalies

and inconsistencies; and (4) comparative analyses of international systems.

C8. Aggregation of Individual Value Judgments
and Mediation of Interpersonal Communication

The focus of the research should be an examination of the capabilities

of camputer facilitated access in interpersOnal communication. Included

here would be a variety of mechanisms for mediating among ge6graphically

separated individuals (e.g., teleconferencing, citizen participation in gov-

ernance, complaint aggregation and processing, dial-a-bus, and consuser /pro-

ducer matching).

C9. The Social Psychology of Informatiln Systems

The construction of cognitive maps of the impact of access on percep-

tions, behavior, and attitudes of indiVihuals and social groups contains

two principal components. The first is the development of a continuously

updated data base on computer perceptions, behavior, and attitudes of indi-

viduals and groups with respect to present and anticipated uses of the

*The Bank Secrecy Act was paised in 1970 to curb violation of U.S.
laws and federal tax evasion by use of secret foreign bank accounts and

foreign financial transactions. Records are too be kept of individual

transactions involving the import, or export of $5,000 or more in currency

or other instruments.
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computer.1 This should be done as part of a broader program of monitoring

public toward technology and technological change. The data re-

suiting from these-efforts shOuld be-incorporated in the d4ign of prograirfs

for education and training.

The second component is the design of experiments for understanding

the manner in which contact and experiexce with information systems affects

one's image of the world, Included should be: (1) experiments designed
, -

to detect and evaluate behavioral differences resulting from various

information- access environments; (2) matched-group experiments (e.g., dif-

ferences in perceptions between.computer-science majors and humanities ma-

jors, differences in decision-making procedures between managers-who rely

on "management information systems" and those who do not, and so forth);

and (3) a study of the impact of access on the selection of measures of

systeM performance, particularly whether sophisticated and quantitative

measures drawn from operationally oriented data bases become the intellec-

tual currency for decision making and policy debate.

D. EVALUATION OF PROGRAM AREAS

As mentioned earlier, each of the nineteen program areas noted above

was evaluated and rated with respect to three criteria: (1) the probabil-

ity of achieving its stated objectives, if adeguatelyfunded; (2)"the con-

tribution to understanding social impact, if its objectives were achieved;

and (3) the minimum support level required to achieve its objectives. The

product of items 1 and 2 above was used as a relative measure of effective-

ness, while item 3 was used as a direct measure of cost.

A graphic presentation of the cost-effectiveness of the nineteen pro-

gram areas is' shown in Figure 2, In this figure, measures of effectiveness

are plotted against estimated minimum support levels to produce a scatter

diagram of the nineteen program areas. If a line pivoted at the origin is

swept clockirise from a full vertical to a full horizontal positions the

nineteen program areas will be "touched" in approximate order of their rela-

tive cost-effectiveness. A listing of the program areas in that ordet is

given in Figuref3.
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4

Figure 3. PROGRAM AREAS IN. ORDER OF
ESTIMATED COST-EFFECTIVENESS

C3. Requirements for Computer and System Literacy

83. Standardization

C4. Computer Literacy for Decision Makers and Opinion Leaders

A3. Role of Group Judgment in Modeling

C7. Conflict betweem Right to Know and Personal Privacy in
Information-System Design

C5.. Regulatory and Competitive Dimensions of Access

A2. Values and CognitiGe Styles of Model Builders

Cl. Retrospectivi, Comparative, and Case Studies of the Impact
of Information Systems

B4. Audit Trail, Surveillance, Security, and Fraud

C6. Behavioral Consequences of Information Availability

Bt.". Structure and Regulation

Al. Retrospective,Studies of Models, Modelers, and Modeling.
Prolesses

B2. Economies of Scale

C2. Humane Design Criteria for Information Wtems

C8. Aggregation of Individual Value*Judgments and Mediation of
Interpersonal Communic'alion

A4. Data-Base Requirements for Models

A5. Interface between Model Builders and Model Users ,

C9. The SOcial Psychology of Information Systems

A6. Validatioh of Computer Models
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The six most cost- effective areas are those dealing with achieving

computer literacy (both for the public at large and opinion leaders), the

impact of computers on industry standardization, the development of gener-

alized privacy-vs.-right-to-know criteria, the use of group judgment in

modeling, and the cOmpetitive and regulatory dimensions of computer access.

The three least cost-effective are judged to be those dealing with the

interface between model builders and users, the social psychology of infor-

mation systems, and validation of computer models.

Ranking program areas on the-basis of cost-effectiveness ratios illus-

trates only one of several possible criteria for funding priorities that,

might be used. It is conceivable that the estimated effeCtiveness of some

program areas might be large enough to warrant supporting them even though

the estimated costs for doing so may be quite high. This would be particu-

larly true ifia program area were divided into smaller subUnits. For these

reasons a companion ranking by effectiveness measure only is shown in Fig-
.

ure 4 so that it may be compared to the cost-effectiveness ranking in Fig-

ure 3. It is interesting to note that three of the nineteen program areas

rank among the top six with respect to both measures: the two dealing with

computer literacy (both for the public at large and opinion leaders), and

the development of privacy-vs.-right-to-know criteria. Three.new program

areas emerge in the top six when the ranking is by effectiveness. only: the

development and application of humane design criteria; the identification

analysis of computer-related abuses (e.g., audit trail, surveillance,

se urity, and fraud); and the study of values and cognitive styles of model

bu lders. It is also interesting to note that computer-model validation

s at the bottom of both lists. This is certainly not due to its poor

ra igwith respect to its "contribution to understanding social impact";

it, in fact, ranks highest of 1 program areas in this respect. Rather,

its poor showing in the t-effect'veness list is due to the magnitude of

estimated cost, whil its bottom rank +n the "effectiveness only" list is

due to the high-r sk (low probability o success) nature of the research

proposed. N.

The total estimated cost (for minimum support) of all program areas is

approximately $1' million--spread over a period of three to five years.
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Figure 4. PROGRAM AREAS IN ORDER OF ESTIMATED EFFECTIVENESS

C3. Requirements for Computer and System Literacy

C2. Humane Design Criteria for Information Systems

B4. Audit Trail, Surveillance, Security, and Fraud

C4. Computer Literacy for Decision/Makers and Opinion Leaders

C7. Conflict between Right to Know and Personal Privacy in
InformationaSystem Design

A2. Values and Cognitive Styles /Of Model Builders

83. Standardization

C9. The Social Psychology of Information Systems

A5. 'Interface between Modal Builders and Model Users

Cl. Retrospective, Comparative, and Case Studies of the Impact
of Information Systems

B1 Structure and Regulation

C6. Behavioral Consequences of Information Availability

Al. Retrospective Studies of Models, Modelers, and Modeling
Processes

B2. Economies of Scale

C8. Aggregation of Individual Value Judgments and Mediation of
Interpersonal Communication

A3. Role of Group Judgment in Modeling

C5. Regulatory and Competitive Dimensions of Access

A4. Data-Base Requirements for Models

A6. Validation of Computer Models
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This amounts to between $2 and $3 million per year. Even if, for safety's

sake, the estimated minimum support level is multiplied by a factorof two

to three, the total yearly cost to support the nineteen progiam areas is

then estimat+zi to be between $5 and $10 million. To be sure, these areas

are not exhaUstive in any sense and jointly cover only a segment of the

social-impact spectrum. Nevertheless, this appears to be a surprisingly

modest cost for the launching of a coordinated and sustained program aimed

at understanding (and ultimately guiding) the humane and efficient develop-

ment of a grOup of, society's most pervasive technologies.

E. PROGRAM IMPLEMENTATION

. A wide variety of agencies and institutions from both the pliblic and

private sectors could join in support of selected portions of the proposed

program. Chief among these is the National Science Foundation, incl?ding.

the Division of Computer Research (e.g., social.impact of modeling and'simu-
.

lation) and Research Applied to National Needs (e.g, technology/assess-

ments). A'number of executive departments,' such as the DepartMen of Health,

Education and Welfare, the Department of Justice, and the Department of La-

bor, could deal with the changing patterns of infOrmation access and asso-

ciated attitudinal shifts. On issues re la ing to the financial sector, a
(

number of specialized agencies, such as th Federal Reserve System, the Se-

curities and Exchange Commission, the 'Federal Communications Commission, and'

the National Bureau of Standards, could focus on evolving structural and

technological changes. In the legislativNbranch, the Office of Technology

Assessment, the Congressional Research Service, and the Government Account-

ing Office could each assist the Congress in monitoring computer-impact de-
. _._

velopments on a broad front. In the private sector are a number of founda-

tions, such as the Ford Founaation, the Carnegie Corporation, and the

Kettering Foundation, capable of focusing on-particular future-oriented so-

cial issuep stemming from the application of computer-related 'technologies.

No guarantee, of course, exists that the proposed program will be suc-
-

cesSfui. It could result in another obscure series of reports with little

visible effect on the course of events. ,One of the major hazards of the

38
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v.,

proposed program is shared by any strategic-planning effor,.;.naMely, that

the output of the program fails to be coupled effectively to the decision- ,

making processes that it is designed'to influence. Thus, neither detisions

nor behavior is influenced. And such a hazard is multiplied manyfoid in

the present context because of the diffuseness,of the processes to, which

the proposed program must be tied. This suggests'a need to establish an

accompanying prqgram effort a4',...va at the aidsemination and splicing of pro-

gram outputs to the world of action and the'public at large.

Some initial recognition has already been given to these problems by

the high priorities assigned to program areas related to achieving compu-

ter literacy. but insufficient attention has been giverOto how such lit-
.,

eracy programs are to be implemented. Similarly, only minor consideration

has been given to the ways in which the results of monitoring and7-eiiperi-
.

mentation programs are to be coupled with legislative processes, licensing _

procedures, and so forth. What is suggested is the need 'to develop new in-

struments for action, 'such as public sector institutions (e.g., the Office

of Technology Assessment) for doing particularized social apsessments; om-

budsman functions for dealing with policy matters on social impact; and

public/private sector organizations (joint government/industry/university)

&or encompassing and balancing the monitoring, assessment, and dissemina,
,..

tion functions. Ultimately, the outcome will be largely,determined by the

actions and choices of an informed, lay public participating through estab-

lis 1 d political (as citizens) and economic (as consumers) processes. But

the timely and systematic generation of information required to create such

an informed public is a prerequisite for such action. It is toward this ob-

jective that the proposed program is targeted. 'Apd, perhaps fittingly, it

is to computer-related technologies that society may turn to facilitate the

achievement of an increasingly aware sand participatory citizenry!

t.
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IV. WORKSHOP ON COMPUTER MODELING AND
SIMULATION AS AN AID TO I:4CISiiN MAKING

A. WORKSHOP PARTICIPANTS

The workshop participants were Roy Amara (chairman), James B. Bdulden,

,Garry D. Brewer, Gary Fromm, Martin Greenberger, Earl B. Hunt, Philip J.

Kiviat, Dennis L. Meadows, Richard L. Meier, Walter 0. Spofford, Jr:, James

'R. Verougstraete, Willis H. Ware (invited cochairman), George B. Weathersby,

and William S. Yamamoto. Appendix -14 includes biographical informatiOn on

each of these participants.

B. WORKSHOP SUMMARY

The major theme of this workshop was that the use ofcomputer model-
.

ing and simulation is asouCh art as it is science.

Little disagreement existed among 'the participants at the level of ba-.-

sic definitions of model, simulation, and game: a model,is any symbolic

representation of reality; a simulation usually involves the exercising of

a model; and A game is a model with more than one participant, at least one

of which is a hukman player (implying strategies and competition). Differ-

ences in definitions did begin to appear at a more detailed level - -on wh th-
.

er all computer models are dynamic by di;finition, on the distinctions be

tween real games and games of jest, and so forth.

There was almost universal agreement among the participants" that the

technology (e.g., programming language, computer input/output capabilities,

,etc.) for computer modeling and simulation in most fields is at least five

years ahead of the user's ability to:employ this technology.' The signifi-

cant problems are clearly-model formulation and model applitation,,rather

than model construction. As succinctly put by one participant: "The tech-

nology of modeling provides little guidance on what to model Or at what

level of detail."

The concept of a model and simulation space was advanced to clarify

points of view on the uses and limitations of modeli. Physical-sciende

4.0
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and physical-process models are generally well. understood, can usually be

validated, and provide outputs that maybe readily used by. decision makers.

To a lesser extent, these features also apply to financial-planning models,

econometriCmodels, and some environmental models-("..g.; air-dispersion.and

water-quality models). However, when we turn tOrUrban, regional, ecosyptem;

and, general social-system models; our understanding"of basic*processes is,

poor ',or nonexistent, model) validation is seldom attempted, and model out4

ppits
\
should be viewed with great skepticism by model users. In such ih-

stanceS, models and simulations should be used primarily tolachieve quali-

tative understanding of underlying processes of complex systems rather than '

to,produce usable quantitative outputs.

These observations lead to some interesting bonsequepcps. Model

builders be'ar a 'large responsibility for educating users on the limits-

'tions.of models and for coupling them effectively to the des-ign process.

How this coupling might best be done is not at all clear. Most partici-

pantS rejected as unpractical the notion that model users and moderbuild-

ers should eventually merge identities.= One iritereSting suggestion was

that perhaps users should be educated in dealing with unvalidated models
0

rather than in developing validation procedures that are likely to prove'
. ,

inadequate. other suggestions included improving data-base Structured and'

docbmcni.0Lion requirements as means pr facilitating communication between

model builders and users. A final point noted was the almost complete .

lack,of understanding of the factors that determine the extent to which 67

decision maker uses the outputs Of a computer model or simulation.

The theme that computer modeling'and simulation are as much art form

as science came most forcibly to the surface in the persistent consensus

that considerable effort needs to be directed toward retrospective Studies

of models, modelers, and modeling processes. Although such studies can

yield high payoffs in advancing the field, they are not generally dcmc be-
.

cause incentives are lacking 'for either model builders or users to do them.

An ideal area for such initial study is urban/regional-modeling, where the

required data are. publically available, substantial experience exists, and

the ratio of successes to failures is small. Although the identificAtion

and initial understanding of some of the factors that produce success or

0
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failure would be a significant step forward, many of the participants cau-

tioned that useful generalizations could not be drawn from such studies for

some time.

This view; in turn, led to several other observations. A key one was

that modeit'credibility,usually depends more on the identity of the model

builder and the output of the model than on model structure. In part, this

is because the structure of many usei,,1 models depends on the ingenuity of

the builder and the."adjustment of parameters or outputs" that he chooses '

to.make. Another observation was that little hope exists at present for de-
,

veloping useful criteria for selecting and educating individuals who are

likely tt become successful modelers, even though most-Paiticipants agreed

that experimentation ..to find such criteria and.to develop appropriate cur-
,

ricula should be undertaken.

Perhaps the most universally shared viewpoint concerned model valida-

tion, specifically, the podr understOding of useful procedures fOr effect-

ing validation. Virtually all participants agreed that validation is the

development of measures for increasing (or decreasing) the user's'(or

builder's) confidence in the utility of the model. Technically, this would

involve the application of varying statistical and confidence-jimit tests.

Operationally.--and more importantly--it involves the development of proce-

dures and measures that wQuld.lead the user to understand the basis of

model de4gn and to compare model outputs to reality. In either Case, meth-

. ods would vary with,the kind of model (e.g., statistical vs. alternative-

fAtures vs: world models). Whatever the specific methods ultimately devel-
..

o d5--all participants agreed that little or no validation is now done for

most social- science models,

It 'was perhaps this concern with model validation that led to repeated

statements of the necessity for finding ways to identify and make more ex-

the value orientations of model builders. Clearly, the job of de-

tecting such value orientations is-made infinitely more difficult if they

becomeembedded in the internal Workinglof the model, even though it is

recognized that value-free models are a fiction. In a closely related mat-

' ter, however, most participants rejected the notion that we may be approach-

ing a stage of model development in which a real threat exists that

computer-based models may act to "drive" society, rather than the converse.
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C. CANDIDATE} PROGRAM AREAS

Twelve candidate program areas were culled from the written and oral

inputs of the workshop participants. These areas were intended to reflect

major issues related to the social impaOt of computer models and simulations

as aids to decision making. Each of the twelve was evaluated with respect

to researchability and research priority. Figure 5 displays the candidate -

program areas in eqtimated order of increasing\research difficulty

the most researchable appear first).

- Retrospective Studies of Models,
Modelers, and Modeling Processes

Retrospective studies should be designed to improve general standards

and practices in modeling. Those factors that result in success or failure

need to be identified and evaluated (e.g., activities that deal with "tun-

ing" or "adjustment" of models, as well as the heuristic learning that takes

place with model use). However, some question exists on the extent to which

the results of such studies may be generalizable.

In a very pragmatic sense, models may achieve credibility either by be-
.

ing on the "winning side" or by alerting the decision make (e.g., when us-

ing a corporate model) not to take a particular action. But,'the state of

documentation can also be- a very ,important ingredient in determining model

success.

=. Modeling of Health-Service Systems

The modeling of health-service systems can be a starting point in the

development of a general understanding of the delivery of social services

in urban environments. Blue Coss and Blue Shield now cover about'100 mil-

lion subscribers, or almost one -half of the C.S. population, and their rec-

ords constitute a current census of consich.r.able signifiCance.

Very little modeling' is being done in the area of health-service sys-

tems. Among the reasons are: (1) Hospitals are not generally operated by

those sympathetic to such modeling; and (2) federal sources of support are

not currently viewing such modeling as a high-priority area.

43
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Figure 5. ASSESSMENT OF CANDIDATE PROGRAM AREAS
(Averaged Overall Rankings)

PROGRAM AREAS
RESEARCH-
ABILITY*

OVERALL

PRIORITY
RANKING**

1. Retrospective Studies of Models, Modelers
and Modeling Processes 1.2 2

2. Modeling of Health Service Systems 1.2 1D

3. Data-Base Requirements for Models 1.3 4

4. Modeling of Personnel Characteristics and
Personnel Policies 1.6 12

5. Interface between Model Builders and Model
Users 1.7 1

6. Documentation RequirementS for Models 1.7 7

.

7. Role of Group Judgment in Modeling 1.9 5

8. Validation of Computer Models 2.0 3

9. Level of Aggregation in Modeling 2.0 9

10. Identification ,-)f Values of Model Builders 2.0 6

.

11. Selection and Education Criteria for
,

Modelers . ___ ____
2.1 11

:12. Interface between Models and Society 2.4 8

*Using a scale of 1 to 3, 1 = most researchable, 2 = moderately
researchable, and 3 = least or not researchable.

**Using a ranking of 1 to 12, 1 = most important and 12 = leat
important.
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Data-Base Requirements for Models
/' --,

2
le Research should be aimed at the devel rnentiof procedures for achiev-

ing a balance between a model ('.g., str ture and cost) and its data re-
.
. /
quirements. Particular attention should be given to the creation of pack-

ages of general reformatting ana "dada- scrubbing" programs that can be used
/

with data bases that are incomplete and fragmentary.

Modeling of Personnel Characteristics
and Personnel' Policies

The eiphasis here is on the development of theories of the individual

as a decision maker, permitting probability statements to be made about

forecasted performance when faced with particular problem situations. Some

initial work is being done by the Armed Forces in connection with personnel

assignment and rotation policieL. Another objective is to achieve a better

understanding of the interaction of individuals in 1 ge organizations.

Interface between Model Builders and Model Users

At least two important study areas exist here: (1) the development

of more effective ways to couple the varying levels of users of a model to

the model-building, process; and (2) an analysis of tkie behavior of a de-

cision maker when confronted with a number of decision - making inputs, one

of which is derived 4rom a computer model. Methods used in weighting in-
,

puts from several sources to arrive at decisions should also be explored.

Documentation Requirements for Models

This area involves the development of useful standards to define the

nature and extent of model documentation required to satisfy the variety

of needs of users and builders. This could begin with a standard list'of

items describing a model: purpose, list of exogenous and endogenOus vari-

ables and their data sources, lists of equations, estimation techniques,

and so forth. Beyond this, there could be a required index that would al-

low the user to find his way easily through the documentation. Finally,

funding agencies may need an enforced set of review procedures at the con-
4

clusion'of any mbdeling effort to assure the existence of adequate model

documentation.
4
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Role of Group Judgment in Modeling

Methods for the collection, integration, and incorporation of multi-

disciplinary inputs from several experts-to deritre information on model

structure and coefficients need to be explored. , Considerable emphasis must -%

be placed on the role of modeling as a Communication and integration vehi-

cle'to help bridge organizational boundaries Because the use of group

judgment in problem solving transcends itsapplicatiOn in modeling, it may

be that this application should le pursued in conjunction with other ef-

forts for enhancing group communication and problem solving.

Validation of Computer Models

There is an urgent need to develop procedures for judging the degree

to which a model resembles the "slice of reality" it purports to represent.

This is particularly true for models reprysenting social systems, where

there are no well-developed procedures for assessing confidence limits.

The process of validation can sometimes be done by comparing the model

with laboratory experiments; sometimes by comparison to test cases that'can

be handled by other methods; sometimes by comparison to history; and some-
,

times by comparison with common sense, intuition, or professional judgment.

Validation involve an examinatiOnof the structure of the model, the al-

gorithms th t*e used to solve the mathematics, the computer - program repre-
s

sentation of thb,structure, or the determination of parameters and special

output features (iricluding "pathological" cases in which the output behaves

unexpectedly) The precision with which validation must be done really

hinges on the purpose to which the model is to be put.

It is probable that validation may not be possible except on a case-by-
,

case basis. In any event, only when the validity of a model can be ascer-

tained can sound judgments be made about the utility of its results.

Level of Aggregation in Modeling

The development of systematic rules for determining the appropriate

level of aggregation of model variables is a particularly important issue

in econometric and social modeling, but existsin some form in all model

building.

'PP
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Some believe' that (economic) models should be constructed only, at the

micro or decision-unit level, while others (because of'cost considerations)

opt for alternatives that utilize liwited aggregation. But aside from cost

considerations, (economic) theory ana structural specifications are almost

always inexact at micro-behavioral levels.' Thus, some balance clearly has

'tip be found for matching the level of aggregation to the constraints of

data availability and cost.

Identification of,Values of Model Builders

Research should be aimed at the development of ways to structure mod-

els so that the value framework of the model builder is made as explicit as

possible. By examining such values, one should be able( to weight their in-

fluence on model structure and model outputs.

Selection and Education Criteria for Modelers

This area involves the search fo useful criteria. to identify those

individuals who are most likely to bec me successful modelers. Although

there is some skepticism on the exten to which the search for suitable cri-

teria will be successful, the objective is to determine the set of personal

characteristics that,correlate with high potential for modeling. Closely

related is the question of designing training and education programs that

will yield productive and successful model builders.

Interface between Models and Society

The degree to which model construction and behavior act to shape so-
,

ciety is not clear. Although the current level of concern over this-issue

is not high, the increasing scale of activity with social models may bring

the issue to this_stagemore rapidly and subtly than is, generally

appreciated.
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/

D. SUMMARY AND DISCUSSION OF INVITED PAPERS*

The following synopses of the three papers presented at the workshop

include not only the points of view of the authors but also those expressed

by others during the discussion.

Computer Modeling and Simulation (Philip J. Kiviat)

The decade of the 1960s was one of considerable progress in simulation

programming and resulted in advances in computer representation, lan-

guage syntax, and model-support:facilities. However, these advances do
a

not help at all in deciding what to model or at what level of aggrega-

tion to model.

' Simulation programming languages serve the very useful function of pro-

viding building blocks that make it relatively easy for a model builder

to construct a simulation model. In fact, since the selection of an ap-

propriate modeling` language best suited to a particular task has been

made easier, a major step has been taken toward improving the interface

between modell builder and model user.

Decision makers should be cautioned to use the outputs of most industrial

and defense- related models:with great care. Before quantitative results

can be used as inpUts for decisions, model assumptions and the quality of

input data must be understood thoroughly.

Modeling as a communication process (i.e., in the sense that it provides

a vehicle for interaction) may often be more important than the outputs

which the model produces. Thus, a model may be invalid as an estimator

or predictor but nonetheless prove extremely useful in problem defini-

tions. This is particularly true for social-policy models, where the

primary use of modeling should be as an integrating tool to achieve im-

proved qualitative understanding of complex system behavior.

Model,ing is clearly not a turnkey business. It is more an activity or ,

;rocess than a field or science. Accordingly, the ultimate user must be

*Ftill texts of these papers are available from the authors. C9pies are
also stored in the project files at the Institute for the Future.and the Na-
tional Science Foundation.
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involved in the process from the outset if it is to result in a useful

product.

Although model users are becoming increasingly sophisticated, there is
,

a discernible trend away from the use of computer-simulation models in

some quarters. Some of this may be ascribed to difficulties experienced

in the past due to overblown claims of model builders or misunderstand-

ings of model 'users.

The state of the art of modeligitechnology may be five to ten years

ahead of our ability to use it. -Therefore, effort in the decade of the

1970s should concentrate on formulating and using models rather.than

on programming them. Put somewhat differently, theemphasis'should be

on camputer-simulation engineering rather than simulation sciences.

Major methodological problems Centering around the validation of compu-

ter models include: (1) the nature of validation; (2) the meagurement

of validity for different model uses (e.g., observation of system be-

havior, prediction, and analysis); and (3) the meaning of statistically

valid data for stochastic models. It is equally as important to edu-

cate users on how to deal with incompletely ..yalidated models as it is

to educate them on how to validate models.

Some of the principal limitations of modeling-stem from the ease with

which unexamined assumptions and value orientations can be incorporated

in a model and the potential for concentration of knowledge and author-
,

ity within a small group of specialists and technocrat's* Among the po s-

sible remedies for overcoming these limitations are: (1) the use of in-

teractive model construction to promote model user-to-model builder and

model user-to-model dialog; (2) open and adversarial hearings on model

features; and (3) public dissemination of model characteristics.

4 In the short run, research is needed on the identification of the impor-

tant variables of a model, on the training required to produce effec-

tive model builders, and on the methods for involving decision makers

directly- in aodel construction.

In the long run, the single most important research problem centers

around the interface between the model builder and the model user. Ul-

timately', perhaps this may be solved by merging the ident4ies of model

user and builder.

49
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The Role and Use df Models in the Regional
Planning Process (James R. Verougstraete)

Historically, regional-planning modelS have tended to focus on popula-

tion and employment growth, land-use allocation, and transportation

facilities.

Regional population and employment forecasts normally use traditional

demographic principles to make forecasts in the twenty- to thirty-year

period.

Land-use-allocation models are generally fairly comRlex, require large

'amounts of input data, and permit variation of the time intervals over

which the model can be used to forecast.

Transportation models generally translate population, employment, and

land-use forecasts into travel demands by using trip-generation, mode-
.

split, and trip-assignment submodels.

. In the past several years, considerable interest has grown in models

centering around environmental issues: air quality; water, sewer, and

flood control; and development cost/revenue.

Air-quality models generally suffer from a lack of accurate historical

data (describing air-quality levels over time), which is needed for

model calibration and validation. Another problem lies in the transla-

tion of the technioaroutputs of the model into terms Understandable by

the citizen.

The basic relationships describing interaction effects in water, sewer,

and flood-control models are usually fairly direct and obvious.

Historical information on the direct and indirect public-investment

costs connected with specific development projects is generally lacking.

Furthermore, it,ie very difficult to assess the secondary and higher-

order effects of large -scale developments.

For u4an and regional models, computer size is not generally a problem,

but input data is. It is often fragmentary, hard to locate, and expen-
.

sive to collect.

Staffing a regional-planning activity is a*major problem. Generally, it

is better to staxt with planners who can learn to model rather than with

programmers or modelers who are interested in planning.
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Elected officials appear\generally not to be interested in the details

of how models are construe or work, but only in the ability of models

to provide outputs assessin consequences of planning options. Thus, in

'principle at least, model bui ders can exploitthe model and planning

process for personal gain.

Among the principal uses of regional- planning models are: (1) relating

present options to future goals, t gether with-attendant risks; (2) pre-

senting development alternatives th t might otherwise not be considered;

and (3) providing a basis for prevent'ng undesirable strategies presented

by others from being adopted.

One of the more promising innovations in regional-planning models is the

development of a plan-evaluation model 'to enable private citizens, spe-

cial interest groups, administrators, and others to interact with the

model in the evaluation of alternative development strategies.

Another important feature of such an interactive model isto provide a

forum through which future plans and options can be evaluated against

changing social goals. In principle, this would be done by allowing lay-
( I

men,to access planning data bases so that each alternative development

strategy may be evaluated vis -a -vis local goals and objectives.

One explanation for the lack of success with urban- and regional-planning

models is the overselling of achievement that has been typical in the

past. Until recently, insufficient awareness has existed of the general

unavailability of the basic data required to drive a useful model.

Policy Decisions and Economic Models (Gary Fromm)

The first,econometric model describing the structure of the economy was

built in the late 1930s. At present, about twenty models of thOlU.S.

economy exist. Far fewer models exist for each of the developed -Ooup-

tries, and none exist for most other countries.

Econametric-model outputs are, and should be, used in decision making.

Data bases for econometric models are more complete than those for many
r 4

other social-science models, but even here gaps exist and some data is

'inaccurate. 1

As an illustration of the increase n sophistication 'of econometric mod-

els over the last five years, the n er of equations has changed roughly
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from 50 to something like 150; and in one particular model, the number

of equations is actually 760.

The practice in econometrics is to make reasonableness checks on the out-

put! of the model and to make adjustments directly on the output in order
,

to make the sense of the output jibe with the professional judgment df

the person wife has built and run the model. However, this procedure has

declined markedly in recent years. ,For example, in the fifty equations

that models used in the recent past; perhaps forty of them were adjusted

in order to get reasonable solutions. In the corresponding contemporary

situation, perhaps only te_ are similarly manipulated.

Practically no.work has been done on validation of econometric models;

ultimately, each model should perhaps be accompanied by performance

data ifrom a battery of statistical tests asa validation index.
4

The principal advances made in econometric modeling in the last deoade

are: (1) the ability to disaggregate at lower levels; (2) a lessening

of the necessity to adjust model outputs or parameters; and (3). the ex-
.

tension of forecasts-to two- or three-year time horizons.

The most successful econometric - model- construction efforts have involved

team modeling (e.g., the Brookings model).

Prospects are good for interconnecting econometric modeling to both cor-

porate- and, regional-planning models.

The problem of errors in econometric models is a real one, especially

the lack of good statistical and analytical techniques for examining the.

'propagation of errors through large models.

Significant problems also exist both in communicating with users of econ-

ometric models and in attracting potential users of such Models. . For ex-,,

ample, until recent years, the federal government generally paid little

attention to outputs of economic models. One significant amprovement

over the last fi e years has been an increase in the detail that can be

accommodated wit n a model (this is probably a consequence of much bet-

ter computing power and improved algorithms to handle the larger systems

of equations).

.
Research support for econometric modeling should be distributed in prior-

ity order as follows theory building, data colledtion, and methodology.

0
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E. GUIDELINE QUESTIONS FOR THE WORKSHOP

Computer simulation (both pure process modeling and gaming) which em-

ploys human decision making in the model ids being looked to increasingly as

a tool for the researcher, student, and practitioner in areas'as diverse as

urban land-use planning and international relations. Its use has been stim-

ulated by the recent development of sophisticated models for analysis of

pollution control, land usage, and other important areas of social concern.

Its impact has been most directly brought home to the political establish.-

ment by the development of global models that sharply challenge certain as-

sumptions and attitudes held dear by, much of society.

The social costs of accepting the results of societal models are enor-

mous, yet the potential danger of ignoring them, if they are correct, is

s.'even greater. Hence, there is much doubt and hesitance about accepting

these models as bases for decisions; and a need exists to establish a ra-

tional basis for designing them,, evaluating them, and incorporating them

' into the decision process in such away that baSic social values are not

trampled.

% The research implied is multidisciplinary and requires understanding

of both the technology of system building and the social context in which

the system will operate., This workshop represents an initial effort to iden-
.

tify the.important questions concerning simulation and define areas of re-
,.

search needed to refine the tool, thus increasincj its utility', availability,

and comprehensibility to the user.

Questions on Social Impact

1. What effects can or do computer simulation'and modeling have on decision-

making patterns? Are there data whichkindicate how- equivalent. results

based on analytidal computer models ma-more conventional mental models

are used and interpreted by various class of decision makers? How

important is the mode of presenting the results, and does the presenta-

tion tend to dominate over the source of the output data?

2. Several observers have advanced arguments to the effect that computer-

based modeling and simulation tend to concentrate decision-making au-

thoritythority in the hands of a'few technocrats. Are there obvious_
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institutional mechanisms whichyill allow concerned citizens and public-

interest groups access to the design, control, and uge of such auto-

mated tools?

3. How does one go about structuring models so that value-orientation func-

tions are an explicit input which can be identified and evaluated

easily?

4. What is our capability, and where are the important research problems,

in the area of building better interface systems between computer-b

models and nontechnical users?

5. Has any general agreement begun to emerge on the ethical considerations \

which guide the model designer and user? For example, how should one gd -

about evaluating the need for validation of output against the need to

provide an "early warning" of apparent problems? What are the dangers

of overselling the field before it has reached an adequate level of ac-

curacy and effectiveness?

Questions on Methodology -r

1. What is our level of understanding of the procedure of model deiign, and

what research needs to be done to imRrove the.science? There'are also

teChn'ical questions, such as level of aggregation and the selection of--

modeling language, and system questions, involving the interface between

the model builder and the user.

. What is the state of the art of presenting the reiultsCof computer mod-

.els'in a camprehenskble way?

3. What procedures do we need to develop allow validation of a model?

This question relates to the stability of computational methods, as

well as to the accuracy of the data base, of the relational equationst

and of the coefficients in the calculation.
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V. WORKSHOP ON COgPUTERS AND FINANCIAL PROCESSES

A. WORKSHOP\PARTICIPANTS

The workshop participants were Roy Amara (cha'irman), Donald G. Barnes,

William T. Dentzer, Jr., Herbert Edelhertz, Donald E. Farrar,* Paul E.

iese, Robert C. Hall, Donald P. Jacobs, C. Richard Justice, Alan F. Kay,

Nei McKay, J. A. McQuown, Meyer Melnikoff, John R. Meyer (invited cochair- ,

man), David H. Morgan; David Novick, Almarin Phillips, and_George C. White,

=., Jr. Appendi.B includesNoiographical informationon each of these partici-
',

pants.'

B. WORKSHOP SUMMARY

Classical notions about industry structure, regulatiorc, and competi-

tion in the financial sector must be reexamined and reformulated to reflect

'the pervasive impact-of computer technology on that sector. io

Both industry structure and regulation are strongly influenced by com-',

puter eechnololy: the number and kinds of.firms, the manner in which ser-
,

vices provided by such firms are grouped, and the ways in which relative

conditions of monopoly or competition exist. For each of the major indusa

tries in the financial sector -- securities, banking, end insurance--the im-

pact of technology on structure is believed to be very significant, al-

though taking a different form in each case. In the securities industry,

the applicatioti of technology (aided by pressures from the SEC and from in- A

dustryself - interest') would very likely result in the creation of a truly

central market system. linked .t.o.a unified clearing and depository system.

sithe banking industry, the principal structural effects would likely be:

continued reduction in the specialization of financial,institutionsj a re-
,

duction in the total number of banks; inte . ';1ation of competition on

a

*Assist6TCocliainnan in structuring thb workshop and in summarizing
tine sessipns of the first day. 4



,both geographic and services bases; and direct access to payment Mechahisms

by nonbank institutions. Although the insurance industry might be somewhat

less affected structurally, the impact on the marketing function would con-.

tinue to be felt through growth in thp variety, range,- and individualization
. ,

of service offerings. In short, technology is acting,.and will continue to

act, as a major restructuring force in a large part of the financial sector,

often creating or stimulating changes that regulatory policy, was designed to

prevent. More bpecifically, major points made by the workshop participants

(but not necessarily reflec4ng majority views) include: (1) regulatory pol-

icy is generally_ impeding rather than facilitating chap' (2) on the whole,

self-regulation has proved to beunworkable (3) multiple regulators are to

le--be preferred over "regi.i-:oiy czars"; and (4) in the absence of knowing what
A

rvulatory needs may L .1 the fatute, increasing reliance should be placed

on "free-market" competitive forces to help shape industry structure.

Closely related to issues of industry structure and regulation--and
c

strongly, influenced by them--are questions of industry centralization and de-

centralization. Centralization and decentralization may be defined in sev-
. . ,

eral dense S, but the participants' emphases were on geography and function.

Same felt that technology (e.g., minicomputers and data communications) may

bring about massive geographic decentralization°in the fihancial-services in-
,

dustry. Others questioned whether such decentralization might not be func-
L,

tional rather,thangeographic since hardware usually does not represent a ma-

jor.cost of a total system: Perhaps, most important was the observation that

issues of centralization vs. decentralization can be resolved almostindeperr.

dently of the role of!computer technology; that is, since technology is a

"neutral" factor u,' h respect to centralization or decentralization, tille fi-'

nal choices can be made on other grounds. Such "other grpunds" include:,ease::

of access to markets, maintenance of a competitive market environment; and'

the realization of economies of scale.

Considerable skepticism was voiced over the extent to which real eco

noMles of scale exist in the financial-sAvices sector. An important dis-'

tinction was made between "unit or component" and "aggregate or end-to-end':

scale economies. Unit scale economies are often mistaken for aggregatedor

actual scale economies. Generally, there is little understanding of the'



nature of,scale economies in dealing with production-function characteris-

tics of a variety,of organizations producing a variety of outputs. More

specifically, the magnitude of presumed economies of scale used to justify

a single, monolithic transfer system in the securities industry was ques-

tioned. Real benefits derived from economies of scale must be measured in

terms of benefits to' industry (production outputs, additional information,

or cost savings) or_in terms of benefits to consumers (convenience, intan-

gible benefits, and cost savings). At the same tithe, the point was made

that with no firm understanaing of the extent to which economies of Scale

ate applicable in an industry, it is best to opt for the marketplace and

competition as shapers of industry structure.

Perhaps no topic generated ds much heated exchange among workshop par-
,

ticipants as standardization within the securities industry. At one ex-
.

treine, the observation was Tade that neither' standard forms nor standard

procedures were necessary, but instead simply "acceptable" forms and pro-

cedures falling within broadly defined norms. At the other extreme, stan-

dardization was deemed almost synonymous with the continued development of

the industry; that is, extensive' industry standardization is a necessary

precondition to the achievement of needed economies of scale, even though

'this could also lead to a monolithic (if not monopolistic) industry struc-

ture. Scaewhere between theSe 'extremes, the point was made that standardi-

zation need apply only to the communication interfaces of interlinked de-

centralized or regional systems, thus maintaining a basically competitive

and innovative industry environment.

In a very real sense,'structure and regulation, centralization vs.
4,

decentralization, econom.,.:s of scale, and standardization represent a set,

aof closely interlinked industry.issues properly occupied the major

share of participant attention. Two other tportant sets of issues also

emerged. The first set deals with notions of establishing audit trails,

maintaining privacy, controlling preauthorized payments--measures de-

signed to translce component feasibility into system or operational fea-
\

.sibility. However, the key questions revolve around the true system costs

for achieving the necessary level of protection againt possible abuses in

a computerized environment. The second set of issues concern the
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development of "soft" interfaces between service systems ('ising computers)

and the users or consumers which such systems are designed to serve. In-

cluded here are: }l) simple methods for achieving unique personal identi-

fication atJ.Jn, input of a service system; (2) the tailoring of personalized

services-packages; and (3) the humanizing of the Ymessage-exchange" inter-

face between service system and consumer.

C. CANDIDATE PROGRAM AREAS

Nine candidate program areas were culled from the written and oral in-

puts of the workshop participants. These areas were intended to reflect ma-

jor issues related to the application of computers in the financial sector.

Each of the nine was evaluated with respect to researchability and research

priority. Figure 6 displays the candidate program areas in estimated order

of increasing research difficulty (i.e., the most researchable appear first).

In each case, it should be noted that the focus is the impact of computer

technology on that aspect of the financial sector defined by the candidate

program area in question.

Economies of Scale

The extent to whicNeeramies of scale exist in the financial sector is
N

not known; nor is the manner in which these are being modified by applica-

tions of the computer. Study areas should include: (1) a determination of

thelexistence of, and distinctions between, aggregate Vs. unit economies of

scale; (2) comparisOns of large-scale computer systems to minicomputers and

communication links; 0) competitive impact of joining trading and post-_

tradin7j exczution systems; (4) the applicability of economies of scale to

production-function characteristics of an orgaRization's product/service out-

puts, and (5) the relationShip of economies of scale to industry structure,

natural monopolies, and regulatory options.

Retrospective and Comparative Studies

The emphasis here is on the sNtematic and continuing study of the role
.\

of automation in the banking, securities, and insurance industries. Key

areas would include: (1) an analysis of the similarities and differences



-51-

Figure 6. ASSESSMENT OF CANDIDATE PROGRAM AREAS
(Averaged Overall Rankings)

PROGRAM AREAS
RESEARCH-
ABILITY*

OVERALL
PRIORITY
RANKING**

1. Economies of Scale 1.42 2

2. Retrospective and Comparative Studies 1.45 6

3. Standardization 1.58 3

4. Structure and Regulation 1.75 1

5.. Trail, Surveillance, Security, and
Fraud 1.82 7

6. Personal Differentiation

a

1.82 5

7. International System Implications 1.90 8

8. Centralization vs. Decentralization 1.91 4

9. Macroeconomic Effects 2.00 9

*Using a scale of 1 to 3, 1 = most researchable, 2 = moderately
researchable, and 3 = least or not researchable.

**Using a ranking of 1 to 12, 1 = most important and 12 = least
important.

59
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in approaching automation among the three industry groupings; (2) identifi-

cation of institutional barriers to automation; (3) technical-diffusion

characteristics in transitions from manual to computer processing; (4) the

role of the SEC vis -a -vis the role of the FRS in facilitating automation;

(5) relationships of technology to competition and industry structures and

(6) the interface of the financial sector with other industrial sectors.

Standardization

The relative merits of technical and operational standardization in the

financial sector should be explored from the cost-benefit standpoint. Key

areas would include: (1) the purposes, nature, and timing of standards; (2)

communication and system/user interface standards; and (3) the relationship

of standards to economies of: scale, monopolistictendencies, and interfac-

ing requirements.

Structure and Regulation

Research should be aimed at analysis of the relationship ofindustry

structure to regulation in the financial sector and the ways in which this

structure (and its relationship to regulation) may be modified by the appli-

cation of computer technology. Study areas should include: (1) the rela-

tive growth of integrated or specialized services; (2) the impacts of new

services and repackaging of old services on industry structurer''(3) the reg-

ulatory implications of the technological innovations; and (4) marketing

and aistribution systems of Financial intermediaries, particularly economies

of cross-selling services.

Audit Trail, Surveillance, Security, and Fraud

Potential computer-related abuses created by the increasing automation

of the financial sector need to be iaentified and analyzed. Key study areas

include:, (1) the economics of audit-trail implementation; (2) the develop-

ment of new sets of pattern indicators to detect abuses; and (3) the rela-

tionship of surveillance methods nd standardization choices.



-55-

Personal Differentiation

The whole range of issues dealing with individualization of automated

systems needs to be explored: Study areas should include: (1) the feasi-

bility of input-identification systems; (2) opportunities for tailoring

services to individual needS; and (3) the humanization of the interface be-

tween consumer and computer system.

International System Implications

An investigation of the international implications of automation would

require retrospectiVe and comparative studies of foreign systems, standards

and market interfaces, and surveillance issues.

Centralization vs. Decentralization

The focus here should be on investigation of the competing tendencies

for centralization and decentralization and the role technology may play in

this competition. Key areas would include: (1) centralization of decision

,making vs. centralization of services; (2) geographic vs. functional cen-,

tcalization; and (3) the relationship of industry structure to competition,

diversification opportunities, and specialization or integration of services.

Macroeconomic Effects

The emphasis here is on the study of the indirect impacts of computer
'Ma

technology on the financial sector and the ultimate effects on monetary

policies, capital formation, savings, and investment.

D. PANEL REPORTS

The first day of the workshop was structured around three major

themes: organization of securities markets; clearing mechanisms.for bank-

ing and securities induStries; and provision of financial products and ser-

vices. Corresponding' to each theme, a'panel of three participants was des-

ignated prior to the workshop to prepare and present points of view on

critical policy issues related to computer impact. The proceedings of

these presentations as well as the reactions of the other participants are

summarized below.
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Organization of Securities Markets ((.7. Richard

Justice, Robert C. Hall, and Alan F. Kay)

C. Richard Justice

The National Association of Securities Dealers Automated Quotation Sys-

tem (NASDAQ) resulted from a combination of the following circumstances:

(1) the desire of the SEC'to improve k.cmmunications and disclosure in

OTC trading markets; (2) the availability of technology; .(3) the self-

interest of securities firms in reducing costs and improving customer ac-
.

ceptance of securities traded in these markets; and (4) the existence of

an organd.zational framework provided by NASD.

Major impacts on OTC trading markets have. resulted from the reduction in

communication costs made possible by NASDAQ. Some major New York trading

houses have lost their former dominance as market makers in OTC stocks

while regional firms have been strengthened; and large 'wire houses have

taken advantage of increased interest in OTC markets by strengthening

their market-making operations.

The wider dissemination of bid/ask quotes produced ,boy NASDAQ has (1) nar-

rowed spreads, (2) improved information, (3) improved surveillance, and

(4) generally improved the quality of secondary trading markets in OTC

securities.

Three of the ,circumstances that are necessary for the creation of a cen-

tral market system for trading listed securities now exist: (1) pres-

sure by the SEC; (2) available technology; and (3) interest of non-NYSE-

member firms in obtaining nondiscriminatory access to a "central market-

place". However, the final ingredient (corresponding to NASD for OTC)

does not exist since the NYSE does not represent an appropriate organi-

zational framework.

Strong, opposing private interests would be affected by proposals to

create an open central market system. Third-market dealerg-and non-

exchange-member firms stand to benefit from the creation of the system;

exchange specialiAts, the NYSE, and regional exchanges as operational

entities are all threatened by the proposed creation of the system.

Some participants felt that (in the evolution of a central market sys-

tem) regional exchanges would evolve toward the provision of pure
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service-bureau functions. At the same time a single regulatory frame-

work would emerge with the creation o'f a single, nationwide trading mar-

ket for listed securities.

Computer-based communications activities have been automated with the

-least resistance in the securities industry, because such activities op-

erate in support oft selling. On the other {and, the traditional lack of

interest in back-office operations has impeded the intelligent applica-,

tion of computers to these operations.

The effect of automating back offices will be to replace such in-hotse

functions with Oared services, such as those provided by the National

_C-baring Corporation. This will result in improvement of the competi=

/ tive position of small- and medium-sized firms.

Some debate occurred over whether large firms would benefit pore or less

than small firms from reduced communications and data-processing costs..

It was arguea that the substitution of fixed costs for variable labor

costs in very small firms might increase rather than reduce their total

clearing costs. On the other hand, this would result in continually de-

ureasing unit costs for larger -scale Operations, thereby benefiting the

larger firms,.

A single depository and a single clearing system are expected to develop

in the securities industry as a result of continually increasing econ-

omies of scale for these functions. In addition, increased fixed costs

resulting from the introduction of computers are likely to aggravate ex-

i.ting problems faced by -tbe industry in terms of the extreme volatility

of its revenues. This would likely encourage further efforts within the

industry to reduce revenue and earnings volatility throughdiversIfica-

tion into other activities.

Revenue and earnings,volatility requires greater permanence of capital;

thus, profits from ptosperous years must be retained to finance lower

earnings or losses during succeeding years.

Robert C. Rail

The securities inuustry is far behind other industries in the applica-

tions of computers (with the possible exception of NASDAQ and some back-

office operations). The industry is now on the threshold of major



changes dud to a combinatton of regulatory, and cost pressures.

The principal developments that may result from the application of com-

puter and communications technologies are: (1) acentral market system

with a numtieeof regional inputs; (2) a single depository system; (3)

tight' coupling between trading processes and depository funceions; (4)

"locked-in" trade; and (5) madAmachine.interface on both sides of the

trade. One-day settlement of securities transactions may be possible

in less than five years.

A central trade-reportingsystem may some day coll4ct and report all

trade data and trigger the post-trade clearance-process. Obstructions

to the development of such systems are not te'chnologicaf, but rather

political or private interest in nature.

The development of a totally automated trading system-may lead to .a
4

purely 'dealer market. In ,addition the' of the auction market
a

could require protection in the form of priority Chat would be ac ded

limit orders by individual investors Oyer dealers trading 'for the r own'

accounts.

Automation will not replace humans in the market system because of the

requirement to sense market shifts and to assume risks.

No important changes in the profile of functions performed by securities

firms are visualized except that there could be greater emphasis on ser-

vice than on mechanical functions.

Among the important issues or problems related to automation are: (1)

the creation of audit trails within automated systems; (2) the develop-

ment of input devices to permit the movement of data more quickly; and

(3) the development of standards that would result in reduced operating

costs while at the same time maintaining opportunities for the develop-

ment of competitive, innovative systems. On this last point, there was

some difference of opiniT onthe role of economies of scale in forcing

a somewhat monopolistic structur4Oto develop.

Alan F. Kay

Autex is a private communications network dealing with block-trading in-

formation for the institutional trader. Its design is premised on the

philosophy that the securities industry must consider its services from
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the point at which the existence of an order is speculative or uncertain

rather than when the order is in hand.

The principal item transmitted through Autex is an "interest message".

Approximately one in thirty interest messages results in a trade. Autex

currently accounts for an average of one million shires per%day.

As Autex has grown, new features have been added. Post-trade confirma-

tions, screening features, and an ability to recall historical data have

been added to the system since it began operation. New markets such,as

bond trading have been added; and a lumber-inventory trading system is

planned for the near future.

Atex and NASDAQ currently serve two quite different markets,though

ther could, with modifications, perform many of the functions liow offered

by the other. Autex, offering greater flexibility, tends to deal with

trades where negotiation is desired prior to execution. NASDAQ, with

lower retrieval times and more highly formatted quotations, focuses on

the higher volume of small-order transactions in OTC markets. Princi-

pal areas of interface are where brokers enter messages through Autex

on both sides of.the markei4

, Discussion

The issue of standardization was exatined at great length. On one hand,

standardization is often used as a wedge'for exclusivity. Standardization

is permissible for communication processes at interfaces (particularly

for physical systems), but standardization is not required elsewhere.

On the other hand, standardization may be necessary for making progress

in the industry, and the inherent economies of scale resulting from in-

creased automation may lead to the development of a'' monopolistic

structure.

The question of the future roles of exchanges in a central market system

was also raised. Exchanges will continue to exist to.perform self-

regulatory and trading functions. Furthermore, the trading floor could

coexist with electronic trading systems beciUse of efficiencies in ver-

bal communication and because such market makers could compete effec-

tively with off-floor market makers, operating through electronic com-,

munication and trading systems.

:.
1.Jc)
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The market system itself should create the structure of the securities

market. Both technology and tax laws have forced moves toward a "free"

market.

The question of the relationship between the organization of the U.S.

securities market and international markets was also raised. At present

there are no interfaces (and therefore no traffic) between such systems.

Clearance Mechanisms for Banking and
Securities Industrie's (William T. Dentzer,
David H. Morgan, and George C. White, Jr.

William T. Dentzer, Jr.

The Central Certificate Servide (CCS) has changed its name to the Depos-

itory Trust Company, (DTC) and the new corporation will have membership in

the Federal Reserve System as a limited-purpose trust company. DTC is

embarked on an effort to expand its services outside New York City and to

offer them in a nondiscriminatory manner, not just to brokers but to

banks, insurancecompanies, investment companies, and other financial

institutions.

In the present context, the clearance function is defined to include the

following princinal functions: (1) corroboration of the existence of a

trade; (2) 'netting down trades to achieve efficient settlements; (3) de-

livery of securities; and (4) related payment of funds.

A National Depository System could be developed conceptually in ay of

three ways: (1) as a federally created and operated system; (2) by ex-

panding one existing depository into a national system; or (3) by recog-

nizing the existence of regional depositorieS linked into a national

system. Although either the first or second option might benefit from

economies of scale, economic and regional rivalries would probably im-

pede the
\

evelopment of any but the third option.

DTC envisi\Ons the use of a network of regional banks as input centers for

its system iii all areas except California and Chicago, where regional de-

positories already exist.

- DTC will become a nonprofit mutual organization. It is financed by a

schedule of charges for its use. Current charges are based on per-share

66
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activity, and future prices will be more related to the cost of provid

ing each service.

Beyond insurable risks the credit problem for DTC is lf-insured within

the depository's membership. The depository guaranties the credit of

each member in daily settlements; and failures would be covered by as-

sessments on members.

Other forces at work within the securities industry may lead to some in-

crease in concentration. However, the depository function per se should

be neutral, by insisting that its membership be open to all qualified

institutions and broker dealers, and that its pricing structure be con -

struc ted carefully to insure that no class of member is treated prefer-

entially.

Other benefits resulting from automating the clearance and settlement

process are that record keeping would become morestandardized and.

would be improved overall.

David H. Morgan

Alternative clearing methods include: (1) trade for trade with dollar

settlement; (2) trade for trade, net, with dollar settlement daily.; (3)

daily net, deliver balance order (with and without depository); and (4)

continuous net settlement, with and without depository. The trade-

completion process as outlined, includes customer, floor, clearing, and

depository functions (including transfer), in a variety of different se-

quences and configurations.

The National Clearing Corporation (NCC) was founded in 1969 in the midst

of Wall Street's "fails crisis" to provide a national clearance system

for OTC stocks.

A relationship may be developing between the proposed central market sys-

tem4Pcomposite tape, communications system,'and nationwide trade-

completion process, that will permit trades in exchange markets to be set-

tled directly from the point of trade reporting, into a depository envi-

ronment. However, because so many securities in the OTC market are in

short supply to depositories, many of them would continue to be cleared

outside a depository environment. These trades could be completed in the
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future through continuous net settlement, in NCC or other automated clear-

ance,systemi: Where depositories cannbt be used, bank-transfer agents'

would continue to play a role in the trade-completion process. The sys-

tem necessarily will remain labor intensive as 'long as securities must be

handled physically.

It was reported that 75 percent of the NCC system computer time currently

is used for c learance, and 25 percent for regulatory surveillance and

control. The proportion devoted to surveillance and control is growing

and would continue to do so, to the benefit of improved disclosure and

regulation in securities,,markets.

Regional exchanges operate NCC points of entry into the system on a

"facilities-management" basis. The system now is being tied into NASDAQ,

which will permit direct interface between NASDAQ and depositories such

as MC.

.4N
Proposed legislation verging from'House and Senate Securities Subcom-

mittees will increase federal control over the clearance process. The

House version envisions vesting control over clearing agencies and de-.

positories exclusively with the SEC; the Senate version envisions re-

sponsibility over clearing corporations vesting with the SEC.and over

depositories vesting with the FRB. The Securities'Industry Association
. , .

has recommended that competition be takep,out of the clearing organize-
,

tions. The SIA recommends that all these organizations be replaced by

a single National Clearing System.

George C. White, Jr.

The volume of bank stock- t.ansfer transactions has dropped as a result

of growth in the availability and use of "jumbo" certificates and se-

curities depositories. Decreased volume has led banks (which had often

regarded transfer as a periphexal activity) to reevaluate and improve

their own transfer operations. By using the transfer-agent depository

(TAD) concept, bank-transfer agents can appretpch the efficiency offered
,.. -

by depositories in the transfer function for.jaLge institutional hold-

ings.. The TAD concept is used by Merrill Lynch with large transfer

agents. A large balance or jumbo; certificate is used to make transfers

G8

db.
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as directed by Merrill WnCh, and new balance positions are determined

daily by the transfer agent. The Fird't National Bank of Boston is experiT

menting with the'TAD concept for individual stockholders.

The principal emphasis in bank applications of automated Systems, however,

is on the development of electronic-transfers capability using standard

formats. Examples are the COPE system in Atlanta and the SCOPE operation

in California. -= A Bankwire system, which is being operated by a consor-

tium of over 230 banks for large money transfers, may be modified for dis-

bursing high-volume transactions such as dividends, payroll, annuities,

and so forth. In New York City, the Automated Clearing House System'or

CHIPS (Clearing House Interbank Payments SyStem) transfers funds between

banks for international transactions and is being upgraded with anew com-

puter switch to include other types of payments,

Awareness of problms in the development of paperless funds-transfer prod-

esses is growing, such as format and procedural.standard,ization. The

New York systeu has standardized its transfers on funds valued the next

day, rather than on the day of transfer and settles approximately $50

billion daily.

4 The questicihlWas raised of whether electronic funds transfer or the

"checkless society" appeared to be emerging more rapidly in the area of-

disbursement of credits than in the collection of funds. As an example,

the Air Force experiment with the Federal.Reserve,Board was noted, where-

in the Air Force payrolls are deposited directly by wire in the employ-

ees' personal checking accounts, without the intervening use of the

checks. Examples on t1-. c payment or debit side included the combination

of Consolidated Edison with New York Telephone billi for simplified bill-

ing and collection to achieve savings in bill-preparation expenses:

Customers more readily forego their control over the timing of payments

by check in exchange for the convenience of paperless transactions,

Where such payments are contractually fiXed (as for mortgage payments)

than they do for department store or other more variable charge 'accounts.

A comment was made on the duplication of credit-card systems developed

"separately by banks, rather than by integrating credit-card operations

with an already existing, highly efficient check-processing system. If

credit cards had evolved in the form of "overdraft banking" rather than
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as parallel, and apparently separate system ,the result would have been

more a variation of check-processing capability than a completely inde-

pendent system.

Included here is a summary of some observations made in a luncheon ad-

dress by Mr. Danald G. Barnes on the role of the, Federal Reserve System in

banking automation.

The FRS Steering Committee on Improving the Payment Mechanisth_took-the-

necessary initiatives to move toward automation of clearance mechanisms

based on the realization that the growing volume of checks would become

increasingly costly to handle and that competition for labor would be-

dome increasingly difficult. .

The following historicaldevelopments are related to increasing automa-

tion: the establishment of RCPC's (Regional Check-Processing,Centers),

SCOPE; the Atlanta EP-2 Study, Automatic Clearing Houses, and the_tthe of

prfaUthorized debits.

The FRS has recently been, petitioned by the AirForce to distribute its

payroll Checks directly to offices around the country. This is likely
.

to be followed by similar requests from the Army, Navy, Treasury;-Social-

Security Administration, and so forth.

In the rolt of wholesaler -or intermediary for member banks, the FRS has

also been petitioned recently to provide d POS (point-of-sale) mechanism

for the exchange of debits and crieditsamong banks.

Some thinking is also taking place about the international aspects of

bank clearinithrough SWIFT (Society for'Worldwide Interbank Financial

'Telecommunications).

The consumer is becoming increasingly sophisticated in terms of his'de-

mand for improved services in ban-ing. Competitive pressures generated

)1I

may eventually xesult in a significant reduction of the total number of

i
banks from the present 14,000.-

The FRS will'probably provide the facility for a single, integrated na-

tional payment system to which regional networks would be connected. ,

Fewer distinctions will exist among presently,different financial

Institutions.
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Even with the expected growth of electronic funds transfers, checks\and

\currency will most likely be in use for a long time to come.

New Products and Services (Neil McKay,
J. A. McQuown, and Meyer Melnikoff)

Neil McKay

The recent reduction in specialization of financial institutions is ex-

pected to continue, as traditional bank markets feel greater competition

from other institutional types. Increased customer sophistication also

heighten cpmpetitive pressures on banks, and the banking industry's

ability to compete directly for customers' funds with other institutional

types is impeded seriously by Regulation Q, prohibitions on the payment

of interest ondemand deposits, and lass- Stegall restrictions on access

to other investment vehicles.

A transition to one-statement, and even one-account, banking may be a

means of accommodating competitive pressures.

One area in which paperless transfer systems are growing, however, in-

volves large disbursements,from ne financial institution to another.

In addition to COPE, SCOPE, and ankwire systems, two new electrk..1,-.:

payment-authorization systems a e now beginning operation. The expan-

sion of credit cards to larger purchAses formerly financed by install-

ment credit (such as automobiles and major appliances) also is envi-

sioned in.the near future.
0

Some banks have evidenced terest in cards that access checking accounts

' directly, perhaps carrying overdraft privileges. This possibility is

slowed, however, by customer reluctahce to give up Control over the tim-

ing 6f payments, libtained through traditional check and passbook vehi-

cles for transferring funds. Should Justice Department opposition to

shared-input facilities be withdrawn, paperless POS systems could de-

velop quite rapidly in retailing. Such systems would, of course, en-

counter the usual range of problems over the sharing of development and

operating costs among,participating banks.
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Banks will find it increasingly less important to satisfy the location-

convenience function; computer technology will substitute automation con-

venience for geographic convenience.

As electronic funds-transfer systems are developed, demand by nonbahk

thrift institutions for direct access to the payments mechanism is in-
,

evitable, thus further reducing differences between traditional, spe-

cialized depository institutions:.

J. A. AcQuown

The banking industry has traditionally been poor in marketing its ser-

vices but rich in the applications,of technology; whereas the opposite

is true for the.securities industry. In both cases, the major automa-

tion issues deal with the interfacing of computers to humans.

Most financial institutions are arbitrary partitions of economic behav-

ior or are primarily outgrowths of government regulation. The institu-

tionalization of economic behavior tends to increase resistance to

change--largely as a result of'regulatory goals and inflexibility, which

tends to impound both the technology and accepted ways of doing business

at the time that regulations are instituted. As a result, positive eco-

nomic benefits to be obtained from change must'be large to overcome re-

, sistance to changes in traditional ways of doing business. For example,

note the obstacles in developing efficient systems for clearing securi-

ties transactions in the face of comparisons betWeen the cost of perform-
,

ing essentially similar functioris in banking: costs of check clearing

are estimated at ten cents per transaction, while estimates of the cost

of transferring securities are estimated as being, two Orders of magni-

tude greater.

The capacity for change clearly requires at least one degree of freedom.

But, more specialization to achieve greater efficiencies reduces the de-

grees of freedom and therefore the adaptability and the prospect for

change. This effect is further reinforced by the impact of regulation

that further reinforces the move to institutional specialization, thus

further reducing the prospect for change.

The magnitude of presumed econanies of scale used to justify a single,

monolithic funds-transfer system in the securities industry was questioned.
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The cost of communicating between alternative ystems should be suffi-

, ciently low to permit the development of competing, interlinked region-

al or, other systems, which would provide h#efits anticipated from na-

tionwide systems without conferring monopolistic privileges on a single

system or eliminating incentives to adapt to changed economic forces or

technological opportunities.

Technology (e.g., minicomputers and data communications) may bring about

massive decentralization of the financial-services industry. .Some ques-

tion was raised whether such decentralization might not be functional

rather than geographic since hardware costs Usually do not represent the

major costs of a total system,:

Very few intrinsic differences exist among the banking, securities, and

insurance industries. Their current products orsavetb-e-S
____--.

nated as risk-free assets, ris_y___sl,a-g-sct-s-, and tim,-, assets,
.

But these institutional partitions fly in the face of the

sumers demand all three, and they are mutually dependent,

may be desig-

respectively.

fact that con-

especially in

marketing economics. Thus, the marketing of services represents the most

serious problem area lacea by financialinstitutions.

An'important advantage conferred by technology is that it provides a means

of building bridges_axound regulations and other vested interests that

tend to inhibit change. As a result, the computer is expected to be a

powerful agent for change, by eliminating barriers between traditionally

specialized institutional types.

Meyer Melnikoff

Ilechnology and the breakdown of regulatory barriers around traditional

types of institutions do not necessarily lead to reduction in the even-

tual degree of specialization by institutions in the provision of finan-

cial services. Sane incentives toward financial integration can be

traced to regulatory constructs (such as regulated prices), and func-

tional specialization does provide considerable economies. Also, cen-

tralization need not be geographic in character; and it may often be

tictated by access to particular data bases rather than by geography.
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Economies of scale in life insurance .derive strongly from the industry's

distribUtion system. With the excbption of small numbers of highly spe-

Ccialized men working in narrow but affluent markets, salesmen equipped

with multiple products generally tend to be more productive (if the pro-
,

ducts are complementary in nature) than the single-product salesmen.

The major impact of the computer in the insurance industry thus far has

been in administrative operations and service to policyholders rather

than in marketing, although that too ilas been affected. In some areas,

the computer has made possible the provision of a range of individualized,

responsive, and flexible products, a trend that is expected to acceler7

ate with the advent of variable life insurance, and extensions of mass

marketing. The computer has undoubtedly been a major force stimulating

change in the industry as a whole.

Pressures from Washington for pension reform will probably have major

impacts on the future form of the pension business. It is believed that

the trend may be toward packages such as TIAA-CREF, which arestandard-

ized but incorporate many degrees of freedom that may be exercised by in-
,

dividual employees, at their option.

The problem of retaining an audit trail in real-time, interactive compu-

ter environments is exceedingly serious, and often economically infeas-

ible with existing technology. Some dissent on this point was expressed

by noting that, although satisfactory audit trails are expensive to pro-

vide, they are not technologically infeasible at present. As evidence,

note was made of the Air Force's Logistics Management System, the NYSE

transaction system, and an automated accounting system developed for a

major Swiss bank. There was agreement, however, that such systems are

exceedingly expensive to develop, operate, and maintain.

Further problems related to automation include: (1) the risks of de-

signing sysrems that appear dehumanizing to the consumer; and (2) the

difficulties of providing customer identification at the input to real-

time systems.

Large-system interdependence might render entire systems vulnerable to

breakdown from the collapse of a single component. Breakdown of a ma-
,

jor accounting or funds-transfer system could paralyze an entire
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institution, perhaps over a considerable period of time, \which in turn
\

could impact on other institutions and an entire market or'industry with

,a domino-like effect. ,

PREINTEGRATION CRITIQUES (HERBERT
EDELHERV:. PAUL E. GIESE, DONALD P. JACOBS,
DAVID NOVICK, AND ALMARIN PHILLIPS)

The purposes of the preintegration critiques were: (1) to extend, am-

plify, and add to the range of issues which,sUrfaced on the first day of

the workshop; and,(2) to begin the process of focusing on specific candi-

date program areas.

Herbert'Edelhertz

o' The conbept,of industry self-regulatiom is basicall4 unsound. Alt is es-
."

sentially a defense used against externally imposed regulation. It is

unlikely that the self - regulatory process will produce data useful to

regulatory agencies.

Consideration should be given to the possible division of regulatory

functions on a horizontal rather than a vertical hierarchical basis: .

Even relatively small frauds can produce large magnifier effects on the

industry affected.

Suspicilon was registered about the notion of computers checking on other

computers with the complete absence of human intervention or surveillance.

Opportunities for fraud are growing (e.g., medical and dental payment

systems and perpetual inventories). Attention should be paid to payment

mechanisms outside the financial sector as well as within it.

In the absence of knowing what the nature of regulatory needs may be in

the future, the fostering of as much competition as possible is the best

hedge against possible abuses.

Other areas that deserve attention are:; HI) the problems of working,

across extended time zones and the possibilities of a twenty-four-hour

market; (2) the possible use of computer models for evaluating alterna-

tive regulatory options; and (3) the relative merits of a single regu-

lator (rather-than multiple regulatory jurisdictions) for an entire

industry.
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Paul E. Giest

The technological components for automating the financial sector are gen-
;*.

erally available, or can be shortly. Progress still needs to be made in

the following areas: (1) identification systems (thumb prints, voice

prints, and so forth)'; (2) storage devices for massive random access; (3)

specialized terminal costs; and (4) the reliability of automatic reading

devices for printing and handwriting. Although hardware costs will con-
,

tinue doWnward, software costs will probably remain relatiVely high but

are more difficult to forecast.

System feasibility, with its associated considerations (e.g., ensuring

privacy, back-up and reliability costs, conversion problems, and so

forth), is not as readily assured,, however, as the individual-component

feasibility noted above.

Audit-trail problems can be handled with computerized systems. The real

questions revolve around the true costs of providing such audit trails.

The issue of centralization vs. decentralization can be resolved almost

independently of the role of computer technology. Technology can sup-.,

port either equally well; the final choice can thus be made on othax*-'-'

grounds.

The FRS,was able to play a facilitating role in banking automation be-

cause of its direct involvement in operations and its established

credibility.'

Skepticism was expressed about the existence of real economies of scale

in the financial-services'inaustry. For example, the use of service

bureaus for processing may not be more efficient in the aggregate since

there may 1-,)e loss in control and loss in flexibility. Both the macro

(industry-wide requirements for a system) and the micro aspects of the

industry must be consiaered. At.the macro level, one may'have little

choice. At the micro level, the economies of scale for local/regional

cooperative ventures are unpredictible and their potential must be bal-

anced against the risk of loss of control and flexibility and increas-

ing processing costs.

Benefits of economies of scale must be measured in terms of benefits to

'26
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industry -- production outputs, additional information/and cost savings--
.

or in terms of benefits to consumers--convenience, intangible benefits,

and cost savings.

Donald P. Jacobs

The impact of regulation on the financial-services industry is real.

Regulation could affect industry structure if the manner in which compu-

ter technology is to be applied were known.

With no firm understanding of the extent to which economies of scale are

applicable in the industry, it is best to opt for the marketplace and

competition as shapers of industry structure.

In the banking industry, the role of economies of scale diminishes con-

siderably for banks with deposits in excess of $10 to $15 million.

Location of small banks will be diminished by automation, by bringing big

banks into remote areas.

A massive restructuring of the banking industry, which regulatory policy

was designed to stop, will take place.

A definition of good social policy was proposed: economies of scale

that are allowed to operate in an industry if competition exists.

More regulators are better than fewer regulators since adaptation to

change takes place more easily with the former-than with the latter. In

.any event, the establishment of a regulatory czar should be avoided.

Self-regulation does not work; if regulation is needed at all, it must

be imposed externally.

The "squeaky-wheel" analogy usually applies in the formulation of regula-

tory policy.

David Novick

The bond market doeL not need the application of computer technology; the

"used-equity" market clearly dobs. The repre entation function, as op-

' Posed to the trading and completion-of-trade f nctions, accounts for the

major expdmditurein the securities industry.
./
Computers can be an important element in the policing of the securities-

trading process.
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It is a mistake to think the securities industry needs standard forms or

procedures for efficient operation; instead, the need is only for accept-

able forms and procedures.

The most important problems in the financial-services industry do not in-

volve keeping track of securities or creating a checkless society.

Rather, in the securities industry, the most important problem involves

the ability to handle "breakout" conditions and to improve the liquidity

of the market.

Almarin Phillips

The potential for the application of computer technology in the financial-

services industry is great.

The ,principal inertial elements are regulators, vested interests, organ-

izational resistance, and consumer resistance.

EFT will come faster than any of us believe.

The FRS deserves considerable credit for facilitating change in the bank-
,

ing industry; however, the regulatory part of FRS is not on top of the

changes taking place.

o, The liteiature on the diffusion of innovation may be important in focus-

ing retrospective studies of the financial-services industry.

F. GUIDELINE QUESTIONS FOR THE WORKSHOP

1. Many have argued that the development of large, computer-based fiscal

- and monetary systems are creating significant institutional changes.

To what extent, and how, has the computer been an agent in the evolu-

' tion of markets, services, and institutions in the securities, bank-
ing, insurance, and credit-handling sectors?

o' How is this likely to change?

Has computer technology acted to stimulate or to inhibit change?

What principal institutional constraints are operating to inhibit
desirable change in sectors of interest?

How do these constraints operate?

how is the situation likely to develop in the next five to ten years?
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*

2. 'Answers to the foregoing questions may point to the research required

to encourage the orderly development and diffusion of modern technology

in the financial sector. Should such research be aimed at:

the development and application of specific computer technologies?

the analysis of particular economic, financial, and regulatory
processes?

the understanding of the problems at the interface of computer devel-,
opment and financial processes?,

3. Significant institutional and social impacts may result from the changes

in processing time associated with advanced computerization.

Have (or will) such changes in processing times brought on by auto-
mated systems significantly altered the power structure associated
with marketing and service institutions in the securities, banking,
insurance, and credit-handling sectors?

Have (or could) such changes resulted in any more general realign-
ment of power blocs outside the general area of,the fiscal and mone-
tary sectors?

)

4. A number of social and regulatory issues are raised by the emergence of

large, automated financial systems.

From the viewpoint of the citizen user, how has computer-based tech-
nology Changed,the complexity of his interactions with financial in-
Stitutiohs?

What are the short-term trends likely to be in this area?

Are they subject to easy modification?

5. As automated systems-grow in complexity, the task of accurately tracing.

or reconstructing many of the transactions for security, audit, or regu-

latory purposes has grown increasingly difficult.

What is a proper characterization of the current state of this prob-
lem?

What is the scenario if current trends are projected?

Are there potential hardware or software solutions to problems in
this area?
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6. Vast quantities of data on individual and corporate financial transac-

tions will exist in machine-readable form.

Are technical capabilities in control accessibility progressing

rapidly?

Which institutional variables will promote or retard the implementa-

tion of appropriate safeguards to privacy?

so

t.
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VI. WORKSHOP ON COMPUTER PERCEPTIONS, ATTITUDES, AND LITERACY

A. WORKSHOP PARTICIPANTS

The workshop participants were Roy Amara (chairman), Ronald E.

Anderson, Robert L. Ashenhurst,Philip M. Burgess, Walter M. Carlson (in-

vite,1 cochairman), Joel W. Goldstein, Harry T. Larson, Dwaine Marvick,

Robert Nath.ans, Sally Yeates Sedelow, William D. Smith, Percy H. Tannenbaum,

Irene Taviss, and Thomas White. Appendix B includes biographical informa-

tion on each of these participants.

B. WORKSHOP SUMMARY'S

The principal issue of thiscitiorkshop centered on ensuring the widest

possible individual choice for those whose lives are touched or affected

by information system.

Five principal purposes for research and colleCeion of data on compu-

ter perceptions were defined first: (1) to provide inputs to public- policy

making; (2) to understand social-change-processes; (3) to structure suitable

prograMs of education and training; (4) to provide inputs to system-design

processes; and (5) to help assure the effective use of computer technology.

A wide variety of data on computer perceptions, attitudes, and behav-

ior should be collected. The primary objective of these efforts is to pro-

vide inputs for the structuring of education and training programs and to

lay the groundwork for understanding the relationships between computer

technology and social change. General-agreement existed among the partici-

pants on the necessity to develop a set of periodically updated baseline

data in a form that is more disaggregated than exists at present. Included

in a suggested list are: (1) public perceptions of what an information sys-

tem is; (2) the uses to which it can and cannot be put; (3) who designs it;

(4) the purposes it serves; (5) how accessible it is for inspection; and

(6) how modifiable it is. Also included would be (7) public perceptions

and attitudes on the definition of privacy, confidentiality, freedom of

Si



-76-

information, think, and human; (8) perceptibns and attitudes of computer,

scientists and policy makers toward the development of computer technology;

(9) assessment of differential gaps created by computer technology between

"haves" and "have nots", as well as between those who possess and thoswho
\I

are without computer sophistication; and (10) behavioral changes resulttng

from information systems, as evidenced by somatic effects and the impacts

on self-definition and self-esteea, on work and leisure patterns, on

problem-solving capability, and on citizenship. In short, a directed pro-

gram of data collection would achieve, as ailh ideal, the construction of a ,

cognitiVe map of the similarities and differences in perceptions and be-
,

havAar-among the principal groUps'in contact with computers. This is .

clearly a long-term goal and must be temper d by methodological and bud-

getary constraints.

Methodological questions center aro nd the validity.of measurements of

perceptions, attitudes, and behavior. onsiderable care must be exercised

in imputing attitudes from perc'eption and, more importantly, in assuming a

causal relationship between attitud and behavior. Where the relationship

lii?etween attitudes and behavior is relatively clear, the measurement of at-

titudes may be acceptable; in other ckses, behavior and behavioral changes

must be dealt with directly--sometimes a more difficult task. The workshop

participants disagreed on the proper allocation of efforts among surveys,

case studies, and longitudinal studies': Some concern was expressed that in-

sufficient effort is being placed on case studies aimed at understanding

the basic processes of perception and change, as opposed lo surveys where

measurement can be done more easily. Most agreed that longitudinal studies

are necessary to provide accurate data on both attitudinal and behavioral

changes. Another area deemed worthy of exploration was the possible use of

some judgmental (as Opposed to quantitative) measures in tracking percep-

Lions and attitudes. Perhaps one of the more important notions advanced

was that general measurements of public attitudes and perceptions of compu-

ters should not be undertaken in isolation, rather as part of a more

comprehensive program,to monitor public attic s on technology and techno-

logical change.

Parallel to, and supported by, a program of research on computer per-
,

ceptions, attitudes, and behavior is research on a number of issues related
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to public policy. The most important issues are those related to the impact

of information "'systems on institutional goals: (1) conflicts in institu-

tional goals created by the application of the computer (e.g., efficiency

vs. privacy)4_t2) _individual options for coping with computer-related job

--displacement; (3) the computer and the forCes influencing social uniformity

or diversity; and (4) computer-technology assessment as a part of a larger

national effort to anticipate the secondary and higher-order effects of '

technology. Difficult as these issues may be from the Ftandpoint of re-

searchability, they rank highest in research significance.

Equally as difficult--and reinforcing the major workshop theme--is re-

search on the development of humane or responsive design criteria. The 0.n-

diVidual must, first of all, be considered as integral with the in ation

,system from the very beginning. Greater emphasis must be plat on the ae-
/-
tailed analysis of the requirements ta be met to fit an ormation syst

into the environment in which it will operate. A eper unde'rstandingmu

be achieved of substitutessfor "human niceti and social rituale in an '

information-system context, as well as,efthose Characteristics that are

intrinsic in a human being's makeu15. Humaniziny'llas a differnt meaning at

each level at wl ich an. information system is tfi be made res onsive to the
t

"0

needs of an affected group. In all of this, simple.exhorta ions about re-

sponsive

.`

systems to system designers will not suffice; pibl c-policy

ance must be developed, buttressed ideally by a discerning and literate

public (or consumer).
,

Computer literacy stands in sharp contrast to the preceding sets of is-

solles. Not only is computer literacy relatively easy to'define, but once

widespread literacy is accepted as a desirable social goal, then the,_struc-
_.

ture and content of comprehensive programs for achieving literacy from grade-

school to college levels and beyond can be readily designed. One problem

sterns from the absence bf any natural societal advocates for compdter

1literacy--although professional computer societies may play a role here.

Another difficulty may result from the long delays--probably fiv/e to ten
4 /-

years - -and, consequently,` te long lead times that are operative before the

effects of any literacy programwill be felt. It should be noted that the

goal of achLevinj increasing commuter literacy is not to forpstall possible
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Conflicts in computer use but rather to raise the level of computer aware-

ness so that users 194 exploit computer systems more fully and protect them-
,

S'elves frqm possible abuses,

I

C. CANDIDATE PRAPAM AREAS

Seven candidate program areas were culled from the written and oral in-
'

puts of the workshop participants. In the'assessMent, each progiam,area was

first played licgainst each

'summary of this workshop;

of research priority. At

spect to researchability.

of the fix(e purposes for research defined in

relevant intersections were then ranked in to

the same time each area was evaluated with r

The results ate sho 'wn in Figure 7, with the

the

rms

e-

can-

didate program areas arranged in incredsing order of research difficulty.

The entries in this figure were generated a's follows.

An overall assessment was first made by the workshop participants
of.'the program areas'that would obnt!'ribute most significantly to
the achievement of.the'reearch purposes. Thus, on a column-by=
Column baSis,Joarticular cells,were checked (without-.rankings)y in
terms of therel,evAnce oftthe program area in contributing to the
indicated research. objectives.

,

A cross-check was then made by theworkshop participants by, read-
ifig along each row to modify (by adding to) the -list of cells fden-
tifi d in the earlier step. At the conclusion of this part of the
ass ssment, twenty-two of tLo possible thirty-five cells were sin-

,

gled out for
,

closer evaluatLcn.

o Eech,participant was asked to rank the checked cells in terms of
.
research iiTertance, selecting only the top ten of the twenty-two.
At the same time, each area (or row) was to be Lted with respect
to researchability (1 = most researchable; 2 = moderately research-
able 3 = least or not researchable),

/

The numbers entered in the twenty-two cells of the matrix in Figure 7

are the averaged workshop rankings;' the numbers in the right-most column
.

are the averaged ratings of researchability for,each candidate program area.

.Requirement i for Computer Literacy

The establishment of objectiveS and programs for achieving an under-

standing of basic computer functions at a3 variety of societal and educa-

tiOnal levels.
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a

,Inventory of Computer Perceptions and'ttitudes
fo,

The development of, a continuously Updated data base on computer per-

ceptions and attitudes of individuiills and groups as these are influenced

by present and anticipated uses ot the computer.

The Media and Computer Technology

An investigation of the role of the mass, organizational, and informal

media in developing understanding of the impact of Computer technology On

society.

Impact of Information

The study of the

serves to modify work

and so forth.

Systems pn Institutional Operations

ways in which the application of information syAems

patterns, delivery of services, sharing of data bases,

Impact' of Information Systems on Institutional Goals

The study of the ways in which the-application of information systems

serves to modify institutionalobjectives and purposes.
,

(

Humane Design Criteria for- Information Systems

The identific ion *encl. incorporation of information- system features

that ensure responsiveness of such systems to the widest possible range of

/ individual choices.

Impact of Information 'Systems on Behavior

The tracking of changes in individual and group behavior resulting from
,

interaction with information' systems.

D. SUMMARY AND DISCUSSION OF INVITED RAPERS*

The following synopses of the four papers presented at the workshop

*Full texts of thesepapers are available from the authors. Copies
,are also stored in the project files at the Institute for the Future and
the National Science Foundation..
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include not only the points of view of the authors but also those expressed

'by others, during the discussions.

The Problem of Computer Litera (R rt L. Ashenhurst)

The determinants of contrastin attitudes toward computers must be ex-
\

plored before an appropriate approachto the problem of computer fit-

eracy can be formulated.

. Because attitudes are conditioned by perceptions, one must first char-

\acterize perceptions..

A clear distinction must be made between computer systems (the computer

4'and its associated hardware) and information systems (the totality of the

information-processiny and decision-making environment within which the

computer is imbedded). This distinction is of critical importance in ad-

dressing issues of computer perceptions, attitudes, and literacy.

The present state of knowledge of public perceptions of computers is gen-

erally inaccurate and grossly oversimplified. Measurements of such per-

ceptions do not adequately convey the dichotomy that exists in the minds

of most people concerning the positiv:e,and,negative aspects of computer

(and information) systems.

Since most people do not work directly with computers, most perceptions
,\

and attitudes about computers are:oased on experience with information

systems in .which the computer is /only an element.

Computers are viewecj variously as inanimate objects, pets, or persons--
.

depending on circ Istances. Perceptions of computers in this sense have

'not been studied carefully, if at, all.

An interest,ing context in which to study the formation of attitudes con-.
04

cerning coMputers is the Apollo Space Program, where mahy TV viewers

received similar inputs about computer applications..

In ,the long run, a major need -exists to develop more elaborate models of /

What perceptions of computer systems are, how they are formed, and the /
1'

manner'of track.,ng them.

Most information systems are designed without sufficient attention to

the information-analysis phase'(as contrasted to the more technically
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oriented system- design phase). What requirements must be met to fit an
.

information system into the environment in which it will operate?

Lack of kn wledge about information systems prevents the public from un-

derstandin how to assign responsibilities for system malfunction.

There is a growing danger that some computer supersystems (mainly mili-

tary applications) will surpaps the user'S ability to understand them.

The individual must be considered integral to, the information system from

the outset; most information-retrieval systems have not proved successful

because the user was largely excluded in the development of the system

,00ncept. Two aspects of this'problem that are of overriding importance

'are: the integration of the individual and his needs into the system de-

sign in an anticipatory fashion (i.e., in terms of the likely future con-

dition'S. and requirements to be met); and the integration of the individual

and his needs into the deslgn of very large information systems, where the

effects that can be produced by complex systems are very poorly understood.

Information systems will continue to be designed and applied in inhuman

ways unless public pressure increases; and this requires increased pub-

liceomputer litdracy.

Gcmputer literacy may be defined as the ability of a specialist in.a cer-

tain' activity to discern which aspects of that activity can be computer-

ized readily and which cannot.

Computer perceptions and attitudes often dePict man's private hopes ,and

fears rather than any external reality.

First .Progress Report oii-arr4riveii--
of Research Measuring Perception. of
Computerization (Ronald E. Anderson)

Generally, the data on perceptions of computer technology are very uneven,

research methods are poor, and most results are neither very interesting

nor illuminating.

The following studies and activities are noteworthyvas better than aver-

age efforts: Robert D. Hess and Maria Tenezakis, The Computer as a So-

cializiny Agent; Some Soclo-affective Outcome's of CAI, Technology Re-

sport No. 13, Center for Research and Development in Teaching, School'of

,Education, Stanford University (uctober 1970); Todd LaPorte and Daniel

SS
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Metlay, The Watcn and Wonder, The PublicrapAttitudei toward Technology:

A Survey, Working Paper No. 6, Institute of Governmental Studies, Uni-

versity of California tiat Berkeley (1973); and the ongoing monitoring by

the Educational Testing Services of the Mitre Ticcit and the University

of Illinois Plato Systems.

Studies of selected cartoons on computers in magazines of the past

-twenty-five to thirty years can provide useful clues on changing percep-

tions of computer technology.

Same evidence exists that children grasp the real significance of car-

toons at a fairly early age. Moreover, much of what is written about

computer technology in'the popular press does not necessarily reflect

what an author thinks about computers, but rathee,what he feels will at-

tract the attention of his readers. However, one should not overrate

the influence of such representations until, studies'of their real, im-

pact have been made.

The Impact of Computerization in Los,*Angeles:
1973; Some Sample Survey Differentials in
Perceptions and Attitudes (Dwaine Marvick)

A shared-time omnibus survey was described which included questions on:

(1) the incidence and kinds of personal problems linked to computers;

(2) computer experience on the jon or in job training; (3) computer auto-

mation; (4) the use of computers in government decision making; and (5)

receptivity to computerization in medical and educational contexts.

Although the data collected from the survey has not yet been completely

processed, it is already clear that participation in an ongoing omnibus

survey can yield significant returns. As an example, the survey per-

mitted the author to work closely with other survey investigators in

relating responses to some of the computer-related questions to' psycho-

logical constructs dealing with loci of control and alienation measures.

Research assessments snould examine the impact of increased familiarity

c, with computers on the effectiveness with which individuals solve prob-

lems.

Any serious effort to acquire information on computer perceptions, atti-

tudes, and behavior must include longitudinal studies that will shed

S9
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light on how individuals adjust to their work environments over time.

Case studies (and surveys) on perceptions and attitudes should be per-

formed in order to derive a better understanding of the basic processes

involved and to permit more focused measurement efforts.

Some Thoughts on the Questions for
the Workshop (Irene Taviss)

Much_ of the work on computer perceptions and attitudes has the flavor of

"data for data's sake". It appears that little forethought has been

giVen to the extent to which compy(ers may be producing changes in the

ends, purposes, and objectives of organizations.

Insufficient attention is being given to the meaning of humanizing by

those who design and build information systems that are purportedly

matched to individual needs at various levels (e.g., managers, employ-

ees, consumers, and so forth).

Widespread computer literacy will not necessarily solve most problems

related to computer perceptions.

There are inherent conflicts between producers and consumers of computer

technology. Although such conflicts are not necessarily bad, those that

are based on misconceptions should be identified (e.g., as from the

AFIPS-Time survey) and corrected.

The goals of computer scientists and the kinds of systems they are plan-

ning, as well as the more global impacts of computers on the structure

of society, must be identified.

E. PANEL REPORTS

Four panels were formed midway through the first day of the workshop

to address specific sets of issues that arose during the presentation and

discussion of invited papers. These panels dealt with: (1) measurement of

perceptions, attitudes, and social change; (2) the meaning and implementa-

tion of computer literacy; (3) humane design criteria for information sys-

tems; and (4) public- policy issues raised by computerization.
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Measurement (Thomas White*, Murray-A Aborn**,

Ronald E. Anderson, and Joel W. Gol tein)

Moasurements of computer percep ions and attitudes must serve as inputs
---

for making public-policy choices, for understanding social change, for

education and training, and the like. The basic problems here are not

simply those of measurement, but also those of anticipating and fore-

casting the impact of future computer technology.

Any program of measurement should explore the possible uses of social in-

dicators and media-content analysis. Also, measures of computer percep-

tions and attitudes should include some'totally judgmental aspects, as

well as some involving quantifiable indicators.

It is unlikely that we will be able to justify the development of so-

cial indicators to be used solely for tracking computer technology. More

realistically, we shpuld look for indirect measures that could yield data

on attitudes toward .information systems (e.g., shifting employment pat-

terns, disputes over privacy, and frequency of billing errors).

One of the most important problems in measurement is validity. The ex-

tent to which perceptions are good indicators of attitudes is not at all

clear; nor is the cause/effect relationship between attitudes and behav7=

ior. In instances where the relationship between attitudes and behavior\

is clear, attitudes can be the focus of measurement; otherwise, we must

attempt to measure behavior and behavioral changes directly.

-As the computer progressively becomes submerged in the information sys-

tem in which it is a component, it may indeed gradually lose its iden-

tity as a focus for perceptions and attitudes.

A thorough data-collection effort should include:

- an assessment of public perception of what an information system is,
the uses to which it can,be put, the uses to which it cannot be put,
who designs it, the purposes it serves, how accessible it is for in-
spection, how modifiable it is, andso forth;

- an assessment of the influence of computer technology on public at-
titudes toward privacy, confidentiality, isolation, job satisfaction,
and so forth;

*Lead panelist.

**National, Science Foundation observer.
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an'assessment of the perceptions, attitudesr And behavior of both
computer scientists and policy makers regarding the development and
uses of computer technology;

an assessment of the extent to which, and how, information systems
serve to increase the differential gap between "haves" and "have
nots", both in terms of access to.computers and degree of computer
sophistication; and

- assessments of the gap between those at the leading edge of computer
technology and others in society.

It would be desirable to habed a measurement of perceptions of computer

technology in a broader assessment of technology in general. rn other

words, general measurements of public attitudes and perceptions of com-/

puters (as contrasted with the more narrowly defined measurements under-

taken to provide input to specific syStem7design activities) should not

be made in isolation.

Literacy_ (William D. Smith*, Dwaine MarVick,
M. Granger,Morgan**, and Sally Yeates Sedelow)

The achievement of computer literacy is, in itself, intrinsically good

since computer technology is here to stay: Computer litercg is de-

., fined as the understanding of basic computer functions ,in terms of what

computers can and cannot do, with particular attention to their poten-

tial, as well as their limits, in meeting human needs.

Achievement of widespread compUter literacy may be considered a form of

consumer education designed to produce the essential feedback for pro-

vidihg quality control on the design and application of information

systems.

The results of a program to achieve widespread computer literacy would

likely not be felt for five to ten years. Eventually, it may be desir-,

able to develop a form of computer-literacy test.

Data are required on the nature of computer courses presently offered, at

the grade-school, high-school, and college levels. Some observations

made about requirements at each of these levels include the following:

*Lead panelist.

.4,1,;atichai Science Foundation obsrver.
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- Grade School. Useful material can be made available directly from
the new math or can be adapted from it. Any good introduction to
computers should include some "hands-on"-time with computers so that
direct experiences can be obtained about the nature of program (log-
ic) errors. More importantly, it allows the beginner to experience
success or failure wiqk computers in an immediate, direct, and closed-
form manner. At the Same time, it would not be too early to intro-
duce the novice to some notion of how information systems are design-
ed and the nature of their social impact.

- High School. At this level, current instructional material is either
not very good or is nonexistent. Courses need to be designed for all
students--not just the college-bound group. They should convey infor-
mation on the present and potential social impact of the computer, as
well as its technical and operational features. There is a need for
a curriculum package (serving both this level and the introductory
college level) that would provide "hands-on" workbook activities or
games containing instruction on systems design, economic and service
trade-offs, and so forth, drawn from nontechnical real-world settings.
Special note was made of the implications to teacher training for car-
rying out such programs.

- College. A basic instructional unit at the freshman level should p
vide as direct and active experience as possible with the computer
Such a course should not fall into the "computer-appreciation" cate-
gory, but should be organized so as to draw students together from a
variety of disciplines. A desirable level of achievement is that a
student from any major field of study be made fully cognizant of the
state of the art of computer-processing capabilities in his field.

Although no specific requirements for adult and continuing edUCation were

proposed, it was noted that job discrimination it some sectyrs may be

based increasingly on computer illiteracy. High-school-leVel courses may

be adapted to meet on-the-job training needs. Also noted was the almost

complete lack of a suitable TV series on the nature anti uses of computers,

much like the ABC news series, "On the Side of Man",/shown in the early

months of 1973.

Humane Design Criteria (Harry T. Larson*,
Robert L. Ashenhurst, and Fred W. Weingarten**)

Many, if not most, people who have contact with an information (or com-

puter) system feel that such systems are inhumane. (Although a precise

*Lead panelist.

* *National' Science Foundation observer.
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definition of inhumane was not given, lack of responsiveness in meeting

individual needs and incapability of responding to the exercise of indi-

vidual choice may be used synonymously with the term.)

Before progress can be made in developing humane design criteria, the

roles of. the principal groups- interfacing with computer systems must be

identified and humaneness must be translated into operational terms

vis-g-vis each role group.

The following is an illustration of a possible taxonomy of groups:

- users (e.g., middle-level managers, time-sharing-system customers,
and mission-control operators);

- developers (e.g., system architects, analysts, and programmers);

- maintenance personnel (e.g., staff responsible for system modifica-
tions);

- computer operators (e.g., staff operating at consoles or hand141g
tapes, diSks, cards, and so forth); and

consumers (e.g., individuals interacting directly with the output of
an information system) .

To illustrate how the notion of humaneness Might be translated into op-

erational terms for one role-group category, the following preliminary

requirements were generated for the consumer group:

- access to scrupulously accurate information;

- ability to exercise individual choice on the matter of membership in
a consumer group;

- access to information about oneself and availability of a reasonable
means for changing it;

ease of implementing changes, with corroborating feedback of the
changes made;

ability to disapprove, with some limitations, of certain uses of per-
sonal information;

- access to a system interface which has features of individuality, in-

cluding the use of names instead of symbols, words instead of codes,
and explanations of alternatives instead of listing of options;

9,4
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- access to system safeguards against incomplete information (e.gc, ar-
rest and disposition), as well-as against use of obsolete data (e.g.,
file-purge rules); and

- access to prompt, clear, and accurate explanations when failures do
occur.

Several research tasks were identified:

an in-depth exploration of the oles of those affected by computer-
ized information systems (expa Sing greatly on t1e taxonomy noted
earlier) ;

a detailed study of the concerns and
group members, the relation of these
terized systems, and the structuring
be undertaken to achieve operational'

complaints expressed by consumer- °

to characteristics of real compu-
of remedial action programs to
humaneness; and

- an investigation designed to translate humaneness into operational
terms for other role groups (in more/depth than was shown for the
consumer group) and the definition of an action program aimed at
meeting the requirements for humanization of information systems for
each group. ,

Public-Policy Issues (Pe'rcy H. Tannenbaum*,
Robert Nathans, and Irene Taviss)

Computer vs. Human Interface. The displacement, by a computer system of

a function previously performed by a human may produce desirable benefits,

but ,e interface is almost always incomplete in some human sense-=

personal rituals and niceties are lost. Although an impression of a

two-way communication channel between the consumer'and the system may be

created, in fact, the interface'responds more like a one-way channel, in

a seemingly impersonal manner.

The Computer and Social-Goal Conflicts., The efficiency achieved by the

application of computer technology often raises conflicts between the

basic social objectives of preserving privacy of personal information

and exercising freedom of choice in personal matters'. The exercise of

individual choice by those affected by an information system is perhaps

the overriding principle arounu which such conflicts must eventually be

resolved.

*Lead panelist.
ti
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The Computer a* Job Displacement. Insufficient attention is being di-

rected to job displacement and work-pattern shifts created by computers.

Although society as a whole may benefit from such changes, each indivi-

dual is affected differentially and is often without options for early

retirement, job retraining,, use of leisure time, and the like.

The Computer and Social Uniformity. The extent to which the application

of the computer is contribu4ing to the creation of a more uniform social

environment is not understood. Even though the computer creates the po-

tential for less uniformity,\society appears to be failing to exercise

its options for diversity. o some extent, the issue of centralization

may be closely tied to unifo ity.

Computer Technology Assegsmen . As part of a growing national effort to

understand and harness technology more effectively, information technol-

ogy will come under closer soc4a1 scrutiny. Among the possible develop-

ments are: (1) requirements for information- system licensing'arrange-,

ments; (2) the preparation of formatilm-system impact statements; (3)
i

publicly supported analysis des gned to identify and assess higher-order
\

effects and provide early warni g of proposed information-system appli-

cations;cations; and (4) growing profess'onalization of the field of information-

system design and application.

F. GUIDELINI FOR THE WORK HOP

1. What have we learned from previou
\

measurements of public attitudes

toward and perceptions of computers and computer-based systems? In

what way, if at all, has this kno4ledge been important or useful? 1 '

2. Should further measurements of pu 4 is attitudes and perceptions be

made? If so, what data are needed to complete a set of baseline data

for future comparative studies? W at type of future measurements are

important, and why? Will national data suffice for most purpo'ses, or

are regional and/or local data essekntial? Is it reasonable to think

in terms of supporting only a singl umbrella survey in which a number

`of investigators participate, togeth r, or are separate, individual

data-gathering efforts essential?

96,
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3. It has been argued that the design of systems whiCh are not to be per-
.

ceived by users as dehumaniziug shoUld be undertaken by the cregtive

efforts of sensitive, innovative, and perceptive designers,' rather than

me

dicators might be use' here?
*

through major social-science measurement efforts. Is this a valid

itumption?

4. CErcomputer literacy be dined with reference to public literacy,re-
*

gardihg the computer?

5. What types, of dctivities are essential to ahigh leVgl of public liter-

acy? How should they be undettaken, and by whom?.

6. If a high level of public literacy is achieved, how will the attitudes

within, and structure of, the computer-iciente technical community

Change?

7. `How is the application of the com ter influencing the paradigms that

society dev /lops and; uses? What indfcgE2iScan:Yie used to monitor
4

changes?

8. What inhibiting effects, if any, do computer perceptions have on indi-

vidual behavior? What/pan be done to minimize such effects? What in-

9. Is there any evidenCe to support the belief that computer literacy_pro-
/

duces a more realL ticoutlook towand I the role of the computer in

society?

10. How do we minimize the possible confusion between the roles of compu-

ter educator and computer pOpularize'r or lobbyist?

11. ',What programs of research in this general area make sense for the Na-

4

tional Science Foundation (and others). in the next five to ten years?

How effective are such programs likely to be in influencing perceptions

and literacy? How can these be related to other possible efforts e.g.,

the Office of Technology Assessment) aimed at achfeving,e better under--;

standing of the potential impacts of specific technologies on 'society?

N
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. VII. WORKSHOOMPUTERS AND INDIVIDUAL ACCESS

1- r k
. &

A. WORKSHOP PARTICIPANTS

The,wofk,op :participants were Roy Amara (chairman), Michael A.."Baker,

Rotiert,,P. 'Bigelow, Ithielde SblaPool, Michael A. Duggan, Hope Eastman,
. .

Robert Kling; David B. H. Martin, Daniel D.McCracken, Lee L. Selwyn, Thomas
. , e

.B. Sheridan, Exederiek B. ThoMilison, Joseph Weizenbaum, and Marshall
L 7' ;

Whithed.kAppendix B ilclUaesbiographical information on each of aree

.- participants.
P , e

.4 .
B. WORKSHOP SUMMARY

The-oiraminan Sense of this workshop wasthat even the most rudimentary

dataon.bOavioral chanqes ascribable to computer access are essentially".,
nonexistent.

Computer access riay be defined in several ways. In the very broadest

sense, it is essentially synonymous witkkatiohaliation'of.societal proc-

esses, and the research problems become intractable as those for

technology-7initiated assessments.* in the simplest terms, the workshop par-
,

'tici ants'saW compdter access as the ability'to Use the services'of an in-

formation' system either directly or Indirectly, much-in the same sense as
1

one uses (or accesses) a telephone system, a 'transportation system, or a pub-

: lic'library. However, this definition had to/be brought into focui before

the real problems of access could be broached. Distinctions had to be made

between access to information about oneself, ac ess to nonpersonal informa-K

tion, and access to computer and communication cilities. Other useful

dimensions included: (1) the accessing entity (e'.g., individual, social

group, institution,or government); (2) the nature of the obstacles to ac-

cess (e.g., laCk ofs'skills or unavailability of software); and (3) the

*National Academy of Engineering, Committee on Public Engineering Pol-
icy, A Study of Technology Assessment, Report to the U.S. Congress, House,
Committee on Science and Astronautics (July 1969).
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a.

C

immediacy of accAps -(e.g t, raw computing to ran indirect service). Infact,

theclarification of the meaning fit access w one of the significant prob-

lems that thd workshop partcipants unavoidably had to face. No attempt

was made to combine the differing bat'Seccess into a single framework

or taxonomy; rather,in moat instrc;S;apher the sense n";imich the -term
i

'was being was sufficiently clar from context, or the simple defini-

tion noted earlier was A. , -. , .,r,

= v

4
. of ..

The centratprobleloof computer access are clearly not technology-
.,

a 4
t

,yr...

technology -

related;,,, they lie at. the relatively neglected interace of he 114ir
t

.

and the information system. "Critical issues include: (1) the development
,-

of adequate standards to handle the lAplifetation-of'hardyare development;
4 -* ....

V'

(2).the trade-offso between the expertise required to gain access and the

technological/economic.burden that can -be plabed-on tht.system itself; (3)
. - .

I °A;

Abe roleof natural languages in facilitating human-to-machine communiCa-
,

tion; and (4) the proper balance to be struck between centlalization and
,

decentralization in the design of:informlation systems-. .

The degree of centralization is ',directly affected by "a host of largely,

unresearched areas, inelUding the structure, economic6,..and regulation of

the,Mass information-service's market. No clear-cut indications exist On

whether the information-services industry will delieiop along the CATV model

or the video cassette/diisk model, or what thtrelattve rolesof the cable

and telelphone systems may be. What is clear is that public or individual,

access to information services will be determined largely by the manner in

which costs for such services are allocated. The keylssue thus deal with:

(1) the extent to which natural-monopoly considerations apply'(probably not

at all); (2) the feasibility of'achieving universal access through compe-

tition (one possibility would be subsidies taken from community tax bases);

and (3) the nature of the demand and supply. functions for intonation ser-

vices. Our state of knowledge on thd/demand side is much too rudimentary

at present; and on the supply side, we need to explore the bundling of in-

formation services and alternatives for reshaping classical industry lines

(e'.g., publishers, newspapers, broadcasters, and so forth). The extent to

which experience from other countrie8'can provide clues on opportunities

for horizontal integration is also an important question.

99
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Politically, it is naive to think that computer access for particular

social groups can result in any signifidant redistribution of poWer. At

most, such access cotild serve to eliminate an excuse for not rediptributing

or sharing political power. Perhaps the key point here is that public ac-
,

cess to information systems should include the ability to monitor and con-
.

4 trol the
1

development of such systems. Thus; a fairly ambitious program,of

retrospective studie and'monitoring efforts should be pursued. This is

knot to eay thateffo .s aimed at providing increaipa_citizen access should

not be supported and encouraged, for there is some evidence ttlat citizen

efficacy may thereby/be enhanced. However, the worksh6p partiCApants

'viewed such efforts as peripheral, if not wasteful, particularly they

lead to a climate of "instant referenda".
, -

From a legal standpoint, computer access is intimately related to pri-

vary, confidentiality, and security, Perhaps the c9re4ssue here is the '

*.' , posgible
\

inhibiN 4fects'on individual behavior resulting from increaseO
.c,i

societaT'acCeps to.iersonal information. Unfortunattly, virtually no da

..., exist to permit more, than speculation about tie extent and sevty of the
4

possible

The

believed

e fects,

effedtS.

most perbaSiVe issues and impac

to 'stem-from perceptual change,

Not -surprisipg14, these are, al

O primarycohernilisaare thOways ih

A. a

110

is related to computer access are
)

paradigm,s4fts., and contextual
.so the most difficult lsksresearch.

-..-11-''' '

which access to, And contact with,
.

computer systems serve to affect or-shape one's image of the world. Al.4 .
.search for answers Alight include a Whole array of.matchedrgroup experimerA

J
-

1.
In whit i4 the objective would be to detect differences in perceptions,

se, S , {
.decision-making procedures used,"pikrfprmanCe measures seeated, and so

. ,
-....P r- s $ i I ., a

forth. We shouldmalso-eXiilore. the wa'ys.in which the application of the
I.

, l ,ft , .,,

computer acts
0
ae a

,

force both for fractionating society (by producing con-

textual changes) and for stabilizing society (by,facilitating'communication).
e-

I

t .
The workshop participants were unable` to agree on whether computer ac-

. .

cess will contribute to increased 'societal diver4ity or not' and, more im- ,i.;

1, 4
e

portantly, the extent to which thib may be desirable. In particular, great
, .

concern was expressed'about\thepbtential use of cbmputers to proliferate
'.;.

itrvial product differences under the guise of individuality. Perhaps the
4-

'I
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only long-term hope for coping with some of these fdhdaMental issues is the

initiation of specific programs for achieving widespread computer literacy- -

at the grade-school, junior-high, and high-school levels. Whether, in fact,

such'programs can raise literacy levels in timeitp forestall the undesir-

able societal Consequences ascribable to increasing computer access is an

open, question.

C. CANDIDATE PROGRAMAREAS

Ten candidate program areas were culled from the written and oral in-

puts of the workshop participants. -These were intended to reflect major

issues related to the ,social impact of computer .access. The- participants
..

did not favor the use of rank-order correlations or other quantitative mea-

sures of preference ordering. .

a

Retrospective, Compara4pre, add Case Studies of Access

Research should be delked to a systematic review of computer - system
, .

applications a) assess their impacts (e.g., skill,levels required and style,

of information used) on System designers, managers, and usens, as well as
..

. on thO public at large. Included in the range of investigationskare: (1).

transitions from manual to computerized systems; (2) the impacts df in-

Creased access on. keepers of info nation systems; (3) the relationship of

access to social control; and 4) compArative analyses of access using in-

, A.Anat4pnal systeitS° (e.g., Swedish income tax) as referrants.

Monitoring of Information Systeds under Development t

Thelemphasis herehould be on the collection of data on major infor-

mation systems in various stages of development andimplemenratiOn to pll-
4 a

,

vide an A m parly-warning or technology-assess erL function on present and an-
.

ticipated consequeliLes. Included in thiS monitoring should be data on how
- , "10. 3 .14 .

far)each.system has progressed, what each Ntrports'to.do,.and possible un-
,

4

anticipattl consequences--in sh9rt, the creation of a guidebook to large
0

information systani:
. 1 !

4

\



-97-
''

4

Inhibi'''tory tffects of Access

Measuring mechanigms need to be developed, and.experipents must be de-
r

signed for collecting data on the possible behavioral effects of increas-

ing availability of personal information. The range of explorations might

include detection. of behavioral changes arising from:, (1) the operation-of

the Bank Secrecy Act (e.g., incidence of transactions under ,$96,000); (2)

records on political activity of particular socialderoups; and (3) the na-"
P

ture of medical records keeping (e.g., extent of quantitative vs. subjective

data used).

Accesliand Literacy Requirements"

Increasing computer access implses new education41 requirements on so-

ciety. Research should be aimed at methods for achieving these needs. In-

cluded should. be: T1) the content and manner ,Of teaching Computer skills

to grade-school children; (2) the feasibility of using,cbmputer-hetworking

arrangements at jitnior-high and high-school Iris; 9..)---Mehodb for convey-,

ing accurate descriptions of computer capabilities and linatatioris;-'and

(4) the promo'tiSof concern and understanding among designers of the needs
.

of the "formation user'?

Access and Large Data BasesI
V

The accessibility or inaccessibility'of large data bases should be .
. .

.

studied from tile standpoints of: (1) setup costs; (2) maintainability;
0 .. '

(3) retrieval'characteritstics, including the effect of performing a variety .
. . '.1°

of statistical manipulations easily; (4) idiosyncrabic features; and (5)
.: :-

, ,degree of d#ta-base coupling and networking.
, r* I

(

Access and Interface Requirements

Research should be aimed at an assessment\Of the principal.technologi-
,

aal and economic barriers to increased access, including: (1) technological

developments and standardizations (2) costs an# pricing policies; (4) skill

requirements; (4) use of intermediaries; and (5) expertise requiredvs.
A , 1

cost'trade-offs.

1

4 ,

S
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Regulatory and Competitive Dimensions of Access
p
Structural factors within the information-services industry (includingY

natural monopoly, centralization vs. decentralization, and vertical inte-

,gration) need to be analyzed in terms of their influence on intrainkstry

competition and access. Included should be: .(1) retrospective analyses of

regulatory developments in the communication and computer industries; (2)

the relevance of natural-monopoly considerations; (3) legal barriers to ac- ,

cessj and (4) a definition of public record.

.fr

Access and the Organization of the
Information-Services Industry

The emphasis here is on the study of interindustry structural factors,

including bases of,organization, ownership patterns, and horizontal integre-
.

tion. Included should be: (1).forccasts of the demand for-augmcented or

new services; 12) an evaluation of alternative methods for restructuring

cla sical industry lines; (3) an ex ination of the economics of servfce-
,

bun ling'sy'stems; and (4) comparative analyses of international sypiems.

Con not-between the Right tik Know and
Personal Privacy in Information-System Design

Research should be aimed at the development of basic principles with

which to balance,the conflicting requirements of access aillpriVacy: TnT

, clu ed here, should be: (1) thd development of operational definitions and

taxonomies of access and privacy; (2) the structuring of generic case

studies Of conflict; (3) the identification of anomalies a9d inconsisten-
,

cies; ana (4) comparative analyses of international systems.

1ocial Shaping of Reality via Informatibn Systems

The emphasis here is on the design of experiments for understanding

the manner in which contact and experience with infOrmation systems affects

, one's Page of the world. 1mcluded might be.; (1) experiments designed to

detect and evaluate behavioral differenceesulting from various

information-access environments; (2) matched -cirdup experiments (e.g., dif-

ferences in perceptions between ccmputer-science majors and humanities ma-
,

jors, differences in decision-making procedures between managers who rely
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on "manageMent information systems" and those wild do not, and so forth);

and (3) a study of the impact of access on the selection of measures of sys-

tem performance, particularly whether sophisticated and quantitative measures.

drawn from operationally oriented data bases become the intellectual cur-

re cy for decision making and policy debate.

Ok

D. SUMMARY AND DISCUSSION OF INVITED PAPERS*

The following synopses of tne four papers presented at the workshop,,,

include not only the points of view of ileiN authors but alio those expre'Ssed

by others during the discussions.

Computers and Contextual Change'(Frederick B.,Thompson).

The computer can

tionating,agent,

tual change, and

for facilitating

these two forces

Act in two opposing ways on society: first, as d frac-

/knee itis a pOwerful force for stimulating cAlcep-

second,as a. stabilizing agent, since it is also a force
11/4

anu encouraging communication It'is the interplay of

that. should provide the focus for any reseal.ch chn the

social impact of the computer.
r , : .

- Which contextual (or,conce tual) ,cleavages should be bridged and which
should be retained? We n d to understand on a case-by-case basis how
the application of the c iputer may trade individual and societal di-
versity.'for institut' al efficiencies.

- How and where can computers be applied to modulate thd rate of contex-
tual change? We need to understand how the very processes of data
_collection and processing affect the groups under, study.

- Howsan exkAience ith computers themselves be utilized'to increase
tolerance 'fdi co to tual change? The bottleneck is neither technology
(iThic is clearly rthes`t advanced) nor software; it is rather the
,area f the interface (e.g., natural languages and special application
sdevis) between user and information' system that can have the most
prof.ound effects on access to, and acceptance of, the computer as an
instrument for contextual change.

*Full texts of the papers are available from the authors. Copies are
also stored in the Project files at the Institute for the Future and. the

National Science Foundation.
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'.Information is becoming increasingly idiosyncratic as we computerize data

teses along narrow, discipline-orientqd fields. In a very real sense,

the narrower we make tne data base, ,the less accessible we make it; but

this is not altogether undesirable, A this stresses the subjective na-

ture of information and the plurality of approaches. Two opposing trends

are seen:

- the development of smaller, decentragzed, interactive comput:.:r sys-
tems Using natural-language inputs/that make for leSs transferability
from one system to anotner; anu

- enforced commonality through the networking of facilities and a nar-
rowing of the diversity of resources that are available, with the re-
sult that some creatir research will be inhibited.

.

The ipsue of centralization . deceritrAlization of computer facilities

(or efficiency vs. access) s arising increasingly with respect to
4

computer'- systems planning in less developed countries. ..
.,.

The drive toward forceu conformity is fair;ly widespread in both the pub-
, . 'a

lic (e.g., ARPA, NSF; and EDUCOM) and private sectors (e.g., IBM), where

the prevailing assumption;is that information is to be treated as a

commodity.

Ifflandardizatir will probably not play a role in moderating the conflict

between conformity and creativity, since standardization can create the
4

illusion of the communicability of information.' By the same token, di-
,

versity may be an illusion, because the highest-level transformation rou-

tines provide an upper bound to transferability since all transformations

result in some loss, of informationf.

Economics will dictate the growth in the use of natural languages. Sim-

pry put, given a limited supply and productivity offprogrammers and the

expected growth in computer systems, we will be forced to-develop lan-

guages which will yield a great deal more computing per statement and

which will permit more people to have direct contact witl.;:scomputing

systems.

4
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Information Technology and Individual Access: ,Some
Economic and Regulatory Considerations (Zee L. Selwyn)

" Herewe are dealing primarily with access by the mass information-services

market rather than with access by-researchers and other highly sophisti-

cated users.

Perhaps the experience in the telecommunications industry (particularly

with the common carrier) can-provide some useful guidance on the develop-

ment of the information-services industry. For example, like communica-

tions carriers, portions of the i ormation industry can be characterized

by natural monopolies (created by economies of scale), where regulltion

is used as a substitute for competition. Although such conditions may

exist -in only certain sectors (e.g., distribution), vertical integration

with sectOrs:which are characterized by more normal production charac-"

.teristics cpuld eventually extend monopoly status to the entire industry.

si Public and indevidual access to irsd2rmation services will be determined

largely'by the manner in which costs for such services are allocated

among consuisys, advertisers, hndlother participants. in the marketplace.

Cost allocation add rate

the information - services

the services 1ovided. are

structuring are infinitely more difficult in

area than in the utility-servicesarea, where

'fairly homogeneous in nature (e.g., electric-
.,

ity, gas, 'and after) . 4

.,,pne important issue within the mass information-services industry is the

level'at which regulatory authority ought to res ide. If regulation-is-
.

at too high a level, of government, local'acaess to services may be in-

hibited; if regulatipn is at.too low a level, the inadvertent adoption'

of unnecessarily restrictive policies may prevent widespread access.

Competition can coexist with a policy of encouraging universal access,' ...""

provided that industry subsidies come from the community's general tax

base rather than from particular classes of customers (e.g., low-cost

service).'

It is very likely that some combination of both local and remote comput-
t

ing will play 'a, role in providing informdtion services to the home. This

raises the question of the extent to which, the industry will develop

along the CATV model or along the video cassette/disk model.

10 :6
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A major area of technological competition is cable systems-vs. the tele-

phone network. The outcome, will depend on many factors, not the least

of which is the rapiuity with which the cable system can provide new

services (other than over-the-air broadcastirre0..

te.

The development of interface Standards among the wide variety of system-

access devi&s will be among the most important elements of pUblic-policy

formulation.

The human-interface area will continue to be-the most important bottle-
1

in direct consumer access to computing and information systems for

at least the pext decade. Wo some extent, the ,exact length of time will

WS4i,
ttl

depend dn whether we are dealing with computer systems or computtr -

aided systems and on what level of complexity the interaction with the

--human is to be.

r In many respects, the economic and technological characteristics of

'computer-based information services are gtite different from those of

broadcast television. For example, with omputer-based services, the

consumer can be highly Selective;'meterin is a natural by-product of

the service; quality of service depends c itically on the skill'of the

consumer; and service origination costs are mire modest.

There are very few data on tne potential riature, size, and economics of

the information-services market. However, it is clear that the economics

of services to the home will be influenceu greatly by service bundling

and by technological developments in other areas (e.g., electronic mail

by post off ice).

Political Aspects of Access to Computerized Record
Systems and Computing Facilities (Michael A. Baker)

Among the conclusions of,the NAS study of computer data banks are: (1)

for political and economic reasons, many computer-system projects that.
.

might pose information-access problems have been slowed down; and (2)

although computer systems generally make information services faSter and-
,

cheaper, it is difficult to identify larger Social impacts.

de sheuld undertake a broad program of experimentation aimed at collect-

ing basic data on access (and nonaccess) to specific kinds of information,
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including patients' access to their own medical records and.e xpunction o

arrest:only records.

Care must be exercised to guard aglinst the creation of false impressions

about the degree of control_made available toci"tizen grovs or employees.

Three'distinct kinds of access should be'considered.

- Access to Information about Oneself. This includes a knowledge of
what files exist; the ability to see one's own record; and the abil-
ity to correct or challenge a record about oneself.

- Access to Nonpersonal Information. This include s performance and
planning data, allowing for some selective withholding of vitally se-
cret data. Confidentiality and access goals will often convict here.

- Access to Computer and Communication; Facilities. This includes orga-
nizational arrangements under which individuals are provided indi-
rect access to information servicps.1

Public access to caputerssystems should include the ability to monitor

and control their development.
_

In view of the inherent difficulties of successfully forecasting the po-
.

te.ntial social impact of computer technology, the best one can do is to

put efforts into monitoring computer-system developments and applipations.

Such efforts might identify: (1) data systems being created; (2) the

functions they are to perform; (3) the stage of development; and (4) the

extent of their current social impact.

The medical records-keeping\area is one in which it is difficult to de-
;

tect changes created by computerization. But this may be misleading,

fOr real changes are often'not revealed by discontinuous breaks with the

past. Among tne possible effects of computers in this area are wider

availability of data on service characteristicS, on physician "profiles",

and on costs.

In addition, computerization increases: (1) the ease of record duplica-

tion (2) the ease of record accessibility due to security failures or

lapses; and (3Y the ease of record writing.

At least two different classes of access difficulties should be con-

sidered.

- The lack of expertise of the potential user groUpoften precludes ac-
cess and,use (e.g., Sierra Club and EPA data base)'.

8
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- The lack of the requisitelsoftware methodology often recludes access

and use (e.g., citizen'accesg to urban/regional models). a .

Retrospective studies of computer applipations may well ino.l.cata'that

the computer is not always as indispensible a syStem-eletgnt.Aas it

appears to be. For example, although it may seem that we could not op-

erate4as a nation without the degree of centralization presnt today, in

lifact perhaps regionalization might have been successfully effected.With-

out computerization. Thus, retrospective evaluations of information sys-

tems should be careful to consider, where possible, the alternative pathS

that might have been taken, since computer:-based information procesSing

is typically one alternative among many.

-Computers and InuividUal Access:' Legal/
Judicial Aspects (Michael A. Duggan)

The value of a data,base often depends more on who may be excluded from

using it than who may access it. '

The high capital or initial cost and relatively low maiptenanoe or repro-

ductive cost associated with some data bases has led,some to ascribe a

natural-monopoly function to information utilities.

Differential access to the data bases employed in judicial/legal contexts

may already be occurring. This may include access to data banks on: Ailr

the backgrounds of prospective jury members; (2) the sentencing proclivi-

ties of individual judges; (3) jury verdicts for various types of physi-

cal and mental injuries; and (4) panels of expert witnesses. Differen-

tial access is-a by- product of the way information is disseminated- -

i.e., more on an abifity-to-pay than a need-to-know basis.

Hard data on the inhibitory effects of data bases on personal behavid'

is nonexi stent. Furthermore, it is not at all clear that Privacy is

valued as an issue of prime importance by most Americans. \

There is increasing pressure on private and public institutions to op-

erate in a "fish-bowl" atmosphere. In the public sector, the inflUence

of the Freedom of Information Act is perhaps just starting to be felt.

One,of the most important problems to be addeessed is the dilemma of ac-
/

cess..to information vs., privacy of information. There is virtually no

verifiable data on the relationships among individual access, data bases,,
4

re'
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and privacy. In fact, even generally acceptlble definitions of the

terms themselves do nit exist.

The focus should be on information access rather thad computer

In many instances, we must deal with strongly interlocking "bundles of

rights" (e.g., doctor-patieMt-hospital).

The host of myths about computers,, data bases, and access include the

following.

- Nb differentiation is usually made between individualand corporate
* rights.

zit

- The validity of attitudinal data bases is accepted even where data
are weak and conflicting.

r, Natural monopoly is assumed as given when, ih fact, it is government-
granted or government-acquiesced (cost vs. output curves are U-shaped
rather than monotonically decreasing).

Cross-subiaization is accep a as an equitable strategem even though
it is, in effect, a rationaliz tier dictated by base of price setting.

t E. PANEL REPORTS

Four panels were organized to address specific sets of-subissues re-

lated to computer and information access. The focus of each panel was di-

rected at one of the following substantive aspects of access:, societal,

technological,and economic, political, and legal/judicial. In the summaries

that follow, the comments of the panelists are interspersed with observa-

tions made by other workshop participants.

Societal Focus (Ithiel de Sola Pool, Frederick
B.,Thompson, and Joseph Weizenbaum)

An urgent need was registered for a precise definition, and possibly a

taxonomy, of access. A maErix of_"seotors of society" vs.'immediacy

of contact with an information or computer system" was priopdsed. It was

also noted that access may be viewed in its simplest terms as the abil-

ity or capability (varied as it May be) to use anA.nformation system.

Two distinct points of leverage, can be used to prOmote widespread access

to computer tystPms: j

.

0
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- the education of children o make them feel at home with computers

at an early age; and
_r

- a pricing policy that 'does not act as a deterrent (the communication

1, rather than the computer, is key here) to contact with irifor-

1 systems.

Unless we examine the options carefully we may inadvertently lock our-

selves into particular information-system designs without appreciating

the full implications of the choices being made, much as we have locked

ourselves into the present automobile transport system.

o . Access to information systems encloses subjects in an envelope of percep-

tions and an environment that may not be worth the price. it is impor-

tant to understand how, for example, MIS or CAI users differ from non--

users in terms of how they frame questiohs, make needs known, organize

themselves, and generally function in society. In other words, we should

take a hard look at whether, and how, computer systems are helping to so-

cialize the individual. The panelists felt that present computer appli-

cations generally increase the gap between social groups with respect to

their ability to compete economically and with respect to the validity

of their perceptions about computers. Such a gap seems to be a by-
.)

product of.using sophisticated techniques that require complex intellec-

tual skills.

Note was also made"of the role that access to computer systemscan play

in putting man more in a "supervisory" position (or position of control)

in some areas. Both his self-image and opportunities for diversity of

experience can be enhanced. This is particularly true in the manufac-

ture of products by computer-managed parts programming or by the opera-

tion of compUter-managed job shops--both resulting in the availability

of a wide variety of product characteriStics.

The panelists voiced several concerns 4out increased product diversity.

- Most hi dly advertised product differences are trivial and operate to

restrict rather than expand individual choice.

- Since product diversity entails social and economic costs of some

kind; some reasonable bounds on product choices should be set at ,the

'outset.
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- Most people are incapable of dealing with product diversity, even at
fairly low levels of choice. Often there is little good information
available on which to'base a meaningful decision.

The social effects of computers are potentially large, uncertain, and

Irreversible. The extent to whiCh their effects can be assessed in'an

anticipatory fashion (i.e., technology assessment) is very much an open

question.

The central concern may, in effect, be with the democratic uses of tech-

nology and perhaps some good examples already exist in which a powerful

technology (i.e., nuclear energy) did not become the exclusive province

of a particular segment of society. More democratic use of computer

technology, however, does not necessarily imply more computer access as

much as it does imply more information sharing about computer systems

and uses.

Technological and Economic Focus (Robert Kling,
Daniel D. McCracken, and Lee L. Selwyn)

We already have, or are about to have, the computer hardware and soft-

ware that could provide a variety of socially related services (e.g.,

health, education, legal aid, and jobs) at a reasonable cost to those

large segments of society that are in need of such services. Actually,

the best computer-based services are available to the wealthy in urban

areas. 'Neither technology nor economics is the principle barrier to

wider distribution of computer-based services.

Access to a range of socially related services for disadvantaged groups-
.

4
can indeed result.in some redistribution of power. However,'it is naive

to believe that the application pf computer technology per se will oper-

ate to redress social inequities. A host of political and economic re-

alities has to be addressed before any real changes or shifts in exer-

cise of power take place.

Information systems have the ability to enhance the power of sophist./ -
,

cated users. To the extent that computer-based aids are Most available

to those who already have substantial power, the current power differ-

ences are enhanced. This observation applies to power balances between
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government bureaus, organizational departments, and other groups, not

simply between individuals and bureaucracies.

In a sense, me have a solution (computer technology) in search of a prob-

lem. Although some examples do exist of pervasive technologies having

created power redistributions (e.g., automobiles and libraries), the

role of computer technology in this respect may have to be aided by the

creation of appropriate social intermediaries to function between com-

puter syste'ms and the social groups that are to be affected.

We should be careful not to think strictly in` terms of hardware when we

consider computer access. Many socially related data-collection efforts

involving computer processing do not contribute to the welfare of disad-

vantaged groups or geographical sectors (e.g., Watts). Although it mar

not be very meaningful to use the term'computer power, increasing at-

tention is likely to be directed to the ways in which computer applica-

tions affect social policy.

A particularly attractive area for increasing computer -services.is

the 'collection, organization, and dissemination of employment- or job-

related information.

Political Focus (Michael A. Baker, Thomas
B. Sheridan, and Marshall H. Whithed)

Access to computers may be limited, even for social-elites, by language

or linguistic problems.

It is very unclear at this time whether computerization contributes to

conformity or diversity in social affairs.

Citizens' access to computers can contribute to: (1) the balancing of

power where anonymity may be presetved\; (2) the muting of social aliena-/

tion; and (3) the increase of citizen efficacy. There is some evidence/

that simulation/gaming can enhance political efficacy-of citizens. 'Seq-

eral efforts are now underway (although not yet implemented) to provide'

citizen access to computer-simulation and planning'systems (e.g., San,

Diego; Toronto, and Nottingham).

The awe of the computer may indeed have acted in both political and mil-

itary arenas to perpetuate elites who have technically sophisticated

staffs or consultant.. A closer study of the ways in which control' of

113
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information and power may be correlated in public life would need to in-

clude an examination of whetner particular political candidtes have

allocated substantial financial resources for surveys on opinions of

constituencies.

. General 'research on public attitudes toward, and how computers

are used in decisign making" will probably not be very productive. In-
,

Stead, progress-will be.made primarily by collecting data on how people

behave under specific legislation on privacy and confidentiality and hbw

decisions are made under such circum4tances.

The computer is unlikely to resolve the most important questions on,the.

wielding of political power, citizen participation, and the like. What .

the computer may do is eliminate excuses for not redistributing'or shar-

ing political power at a number of levels. At'the same time, care must

be exercised that the computer and the software .systems are not used As

an excuse for depriving some social groups of their rightful share of.

political power.

Legal/Judicial Focus (Robert P. Bigelow, Michael/

A. Duggan, Hope Eastman, and David B. H. Martin);

The panelists proposed a taxonomy for computer access in which the exten-

siveness of access (e.g., intrasystem,' network, or internetwork) is

played against the accessing entity (e.g., individual, institution, or

government).

Skepticism among panelists about citizen participation included: (1),

doubts that citizens really desire to participate; (2) the danger of "in-

stant referenda"; and (3) the degice of participation that is desirable

in a democracy. Perhaps citizen participation is best for promoting

dialogue, not referenda.
cJ

Inequities in the-administration of justice can easily result whenever

the individual is pitted against the government in public-interest legis-

lation. (The IBM/CDC controversy and the destruction of document in-

dices are cases in point.)

There are no data on the inhibitory influence of undifferentiated data.

Some initial efforts are now getting underway to do fesearch in this

area.
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The government is not 'necessarily operating increasingly in a "fish-bowl"

environment. (One example cited was the recent attempt to define infor-

mati n theft as property .theft, although federal law doe*,not so define

7it.:)

Two contrasting setsof observations can be made regarding priVacy.

- On the one hand, it is,pontended that the increasing use of the $o -.
cial security numBer, the lack of consumer re§istance in eliciting
credit-card data, and increasing evidence that mostpeople are almost
eager to provide personal data can lead ba the conclusion that pri-
vacy is not highly valued by most citizens.

- On the dther hand, it is contended that the apparent indifference to
the privacy issue exists only because most people do not realize that
increasing amounts OfperSonal data are being exchangedby institu-
'ions qr that the Bank Secrecy Act now introduces a third party (i.e.,
governOant) between the individual and the bank. In fact,- "privacy-
impact"

\
atements should perhaps become a standard element before

approval s given to proceed with the implementation of large infor-
iMation systems.

,,
,

. Privacy and secrecy are different, but they can perhaps be viewed as op-

posite sides of;the same coin. Thus, most of us find that we are for

privacy but against secrecy. The rhetoric of protection of client/citi-

zen privacy may be used increasingly to mask power fights Over control

of information.

Sane panel members felt that research on access must be tied to specific

case studies that focus on what is being done on access, privacy, and

confidentiality, and with what impact and consequenceL We need a

clearer understanding of the extent to which accessibility to more in-

formatiOn makes individuals better consumers or'citizens. Others felt

' that data are needed on computer perceptions, including: (1) unrealis-

tic attributions that people Make to computers; (2) how these feelings

are generated; and (3) the policy decisions that result because of these

perceptions. For example, many people ascribe to computers the ability

to think, to make judgmental decisions, to do language translation, to

make value judgments,'to be reliable, and so forth.
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F. GUIDELINE QUESTIONS FOR THE WORKSHOP

How does increasing 'access to computers by individuals and tnstitu,-

tions influence the rules by which we'live and by which society functionp?

What requirements for additiOnaldata'are suggested, what monitoring should
,

be initiated; and what research should be done in order to develop improved

understanding, of the major issues raised by increasing access'and/or dif-

ferential accessibility by various groups? What requirements, in

W
turn, are created for equipmen!t and software design and development, edu-

.

' cation and training, standards' and regulatory igeasures,sinstitutional in-
,

novation, and the like?

,

Societal Questions

1. How does increasing access to CompUters operate"to encourage more or

less conformity (or more or less diversity) in society?

2. What impact will increasing access to computers have on man's self-

image, and will this Fiave a large impact on society?

3. To what extent, and'how, does access to computers operate to increase

or decrease the gaps between economic, politicalor social "haves"

and "have nots"?

Technological and Economic Questions
I

1. What is the state of the art of computer technology now, and what is it

likely to be in the next ten years, 'insofar as the application of such

technology may permit increasing computer access by various social

groups?

2. How are the costs of access to computing systems likely to create dis-'

symmetries in, and barriers to, access to vital information among vari-

ous Social groups?
\

3, What new institutional forms (e.g., community info atiop, centers) may

emerge as a result of technological and economic d velopments related

to computer access?

4. Should the forces of the existing marketplace be allowPd-to shape new

institutional forms (e.g., the'way TV developed), or should there be

government.developmental subsidies to shape these forms in a more so-

cially desirable way?

116
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t"oliti.gal Questions

1. How are the control of information and power cookrelated in public and

private affairs? What role may computer access play here?

. How can.increasing computerlaccvss be used to enhance citizen partici-
4

pation in democr4tic- processes? Is this desirable?
*.

ti

3. To 'What extent, and how, does access to computers serve to create con -

ditions that..perpetuatethe tenure of individuals and.institutions

hOlding positiOns,of political or 'economic power?

Legal/Ju4icial Questions
e

1. 'How might differential, access t9 data bases result in inequities #-i the

administration of justice?
ar

. 2. What inhibitory influences on individual behaviorMay result from the

knowledge that,others have acces4to personal information?

3. How may the'increasin4lir fish-boWl" nature of. government and business

affect the structure-of each?
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APPEND2X A
FRAMEWORK FOR ASSESSING - SOCIAL IMPACT

Social impact can be an elusive, although intuitively appealing, no-

tion.. Yet it is crucial to sharpen the definition of the concept, because

the evaluation of each candidate program area depends directly on the abil-

ity to make judgments about the likely contribution of each area to an un-

derstanding of the social impact of computers. For the purposes of this

evaluation, the impacting process is vielied within a framework of three fn- .

teracting elements. Each element provides a'check list or relevance tree

of useful indices associated with the Information system, the societal sys-

tem, or the value system.

, Within an information system, computer, impact maybe sensed by changes

in key physical parameters. The introduction of computer technology into

any real-world situation--if it is significant--may create change's in how

data is collected, generated, analyzed, processed, stored, and disseminated.

If this were not so, then its impact would be either negligible or very dif-

ficult to trace. The ability to discern and measure changes in basic.cyber-

netic variables--data rates, data paths, and memory sizes -;thus can provide

the starting point far any assessment of social impact. This is not to say

that changes In such physical operating characteristics provide definitive

answers on the magnitude anu nature of such impact. Rather, they proVide

rough screening clues for directing attention to other elements.

Within the social system with which an information system interacts,

the relevant.indices deal more directly with societal impact, although

still in somewhat aggregated form. Judgment and intuition necessarily play

a greater role in assessments here. A number of measures may be used, in-

cluding change's or transfers in knowledge, power, wealth, ,income, structure

(e.g., industrial structure), and goods and services (e.g., modes of pro-
f

duction or delivery). Again, such changes or transfers can provide clues

on the magnitude or nature of social impact attributable to the computer.
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Finally, within the value system, impact may be measured in terms of

those quality-of-life indicatos that are the most disaggregated, personal,

and value-laden. Among the indicators are privacy, equality of opportunity,

choice, diversity, openness, participation, human control,.. customization,

gainful employment, and many others. Ultimately, the assessment,of social

impact requires judgments about the relationship of choices involving com-

,puter 'uses to the likely impact which'such choices will have on these in-

*. dices of personal well-being. - 4
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APPENDIX B
BIOGRAPHIES OF WORKSHOP PARTICIPANTS*

AMARA, ROY (1, 2, 3, 4, 5)

President, Institute for the Future, 1970-present; Stanford Research

Institute, in a variety of positions including Vice President, Institute

Programs, and Executive Director, Systems Sciences Division, 1952-69. Pri-

ma4y areas of activity (and, publications) are control systems; network de-

sign; computer applications in banking, airline, defense, and satellite

systems; technology forecasting and assessment. Education--B.S., Massachu-

''sett's Ipstitute of Technology; M.A., Harvard University; Ph.D., Stanford

ANDERSON, RONALD E. (3)

Assistant Professor, Department of Sociology, and Director, Social

Science Research Facilities Center, University of Minnesota,.1968-present;

Instructor, Stanford University, 1967-68poTn*tructor, San Francisco State

College, 1966-67.' Publications--"Wrapping the Package: Critical Comments

on Social Data Analysis Packages", in Computers and the Humanities (Novem-"

ber 1972); "Sociological Analysis of Public Attitudes Tocoiird Computers and

Information Files", in Proceedings of the Joint Computer Conference (Spring

1972); "Sociology, Computers, and Undergraduate Mass Education", in Pro-

-ceedings'of a Conference on Computers in the Undergraduate Curricula (Uni-

versity of Iowa, 1970). Education-- B.A.,, La Sierra College; M.A.', Ph.D.,

Stanford"Nniversity.

*The number(s) following each participant's name indicates the work-
shop(s) in which he was involved. (1 = Workshop on Computer Modeling and
Simulation as an Aid to Decision Making; 2 = Workshop on Computers and Fi-
nancial Processes; '3 = Workshop on Computer Perceptions, Attitudes, and
Literacy; 4 = Workshop on Computers and Individual Access; 5 = Integration
'Workshop)

1.4;0
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ASHENHURST, ROBERT L. (3)

Professor, University of Chicago, 1965-present; editor, various jour -

nals,.Harvard University, 1950-57., Publications -- "Number Representation

and SignificaAce Monitoring", in J. Rice, ed., Mathematical Software (1971);

Balance in Computer Science Education 1970 (1970).; "Computation", in Inter-

national Encyclopedia of the Social Sciences (1968). Education--B.A., M.S.,

1),h.D., Harvard University.

BAKER, MICHAEL A. (4, 5)

Instructor, Department of Sociology, Brooklyn College, City University

of New York; Assistant Director, National Academy of Science's,Project on

Computer Databanks, 1970-72. Publications--coauthor, Databanks in a Free

Society (1972); "Record Privacy as a Marginal Problem: The Limits of Con-

sciousness and Coilcern", in Columhka Human Rights Law Review (Winter 1972).

Education--B.A., Union College; Ph.D. candidate, Columbia University.

BARNES, DONALD G. (2)

Assistant Director, Division of Federal Reserve Bank Operations, Board

of Governors of the Federal Reserve System, 1970-present; previously a mem-

ber of the technical staff, Booz Allen Applied Research,,Inc. Education*

B.S., Kansas State College; University of Missouri.

BIGELOW, ROBERT P. (i)

Practicing attorney and member of the American Bar Association's Stand-

ing Committee on Law and Technology. Publications--editor, Computers and

the Law (1966, 1969); editor, The Law Office Economics and Management Man-

ual (1970); editor, Computer Law Service' (1972) .

BOULDEN, JAMES B, (1)

Chairman of, the Board, On-Line Decisions, 1968-present; Associate Pro-
,

fessor, School of Business Administration, Universityof Santa Clara, 1963-

69; consultant, 1966-68; Assistant Professor, School of Business Adminis-

tration, University of California at Los Angeles, 1958-61. Publications- -

"Multi- dimensional Planning Systans", in Journal of Long-Range Planning

(September-October 1972); coauthor, "Computerized Corporate Planning", in
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Journal of Long-Range Planning (June 1971); "Merger Negotiations: A Deci-

sion Model", in Business Horizons (1970). Education- -B.S., University of

Illinois; B.B.A,, M.S.', Baylor University; D.B.A., Indiana University,

BREWER, GARRY D. (1)

Senior Staff, Social Science Department, The Rand Corporation; Lec-

turer, School of Public Administration, University of Southern California,

1971-present; consultant, 1969-present; Assistant Professor, Department of

Political Science, University of California at Berkeley, 19'70-71; member of

editorial boards of the journals, Simulation and Games and Public Policy.

Publications -- coauthor, Politicians, Bureaucrats and the Consultant: A

Critique of Urban Problem Solving (1973); coauthor, "Methodological Ad-

vances in Political Gaming", in Simulation and Games (1972); "Policy Analy-

sis by Computer Simulation: The Need for Appraisal", in Public Policy (Sum-

mer 1973); Models, Simulations, and Games--A Survey (1972). Education--B.A.,

University of California at Berkeley; M.S., California State University at

San Diego; M. Phil., Ph.D., Yale University.

BURGESS, PHILIP M. (.3)

Professor, Department of Political Science, Ohio State University.

Publications--coauthor, Theory, Data, and Analysis: An Introduction,, to

Quantitative International Politics (1972); coauthor, Indicators of Inter-

national Behavior: An Assessment of Events Data Research (1972). Edu-

cation--B.A., Knox College; Ph.D., American University.

CARLbON, WALTER M. (3, 5)

IBM Corporation, 1967-present; Department of Defense, 1963 -67; Du Pont

Comptny, 1939-62. Education--B.S., M.S., University of Colorado.

DENTZER, WILLIAM T., JR. (2)

Chairman of the Board and Chief Executive Officer, Depository Trust

Company, 1972-present; New York State Superintendent of Banks, L970-72; Ex-
,

ecutive Director, State Council_of Economic Advisors, State of New York,

1969-70. He has also held various senior U.S. government positions
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concerned with international economic development. Education--B.A., Mus-

kingum College; attended law school at Yale University and University of

Pennsylvania.

de SOLA POOL, ITHIEL (4)

Professor (1953-present) and Chairman (1959-61 and 1965-69), Depart-
()

ment of Political Science, Massachusetts Institute of Technology, 1953-,

present; Associate Directok, RADIR Project, Hoover Institution, Stanford

University, 1549-53; taught at Hobart University, 1942-49. ,Publications- -

Candidates, Issues and Strategies (1964); The People Look at Educational

Television (1963); American Business and Public Policy (1963); Satellite

Generals.(1955); Symbols of Democracy (1952). EducationB.A., M.A., Ph.D.,

University of Chicago.

DUGGAN, 'MICHAEL A. (4)

ProfesSor, Business Law and Computer Sciences,. University of Texas;

Visiting Assistant Professor, Economics and Industrial Organization, Univer-

sity of New Hampshire, 1967-69; Trial,Attorney, Antitrust Division, U.S.

Department of Justice, 1961-67. Fields of present interest include societal,

legal, and economic problems of cybernetics, communications, atomic energy,

regulation, and competition. Education. B.S., College of the Holy Cross;

J.D., Boston College Law School; M.P.L., Georgetown University Graduate Law

School.

EASTMAN, HOPE (4)

Associate Director, Washington National Office, American Civil Liber-

ties Union; formerly Attorney-AdviSor, Office of Legal Advisor, U.S. Depftt-

ment of State. Education--B.A., University of California at Los Angeles;

L.L.B., Harvard University Law School.

EDE-WERTZ, HERBERT (2)

Research Scientist (1972) and Director (1971-73), Law and Justice Study

Center, Battelle Human Affairs Research Centers, 2171-73; Acting Chief, Cen- , '

0.

ter for Law and Justice, National Institute of Law Enforcement and Criminal

Justice, Law,Enforcement Assistance Administration, 1969-71; Chief 1966-69)
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FARRAR, DONALD E. (2, 5)

Senior Research Associate and Assistant to the President, National Bur-

eau of Economic Research. He has taught at the University of Wisconsin,

MassaohusettS Institute of Technology, and Columbia'oniversity, and was a '

Senior Fellow, Center for Study, of Financial Institutions, University of

A r 'Pennsylvania Law school .' Publications- - Institutional Investor Study Report

(1971) ; boautilor, Managerial Economics (forthcoming); Investment Decision

UngerUncertainty (1967). ,Education-7B.A., M.A., Ph.D., Harvard University.
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,

and Deputy Chief (1963-66), Fraud Section, Criminal Division, U.S. Depart-

ment-of Justice, 1962-69; private practice of law in New York City, 1949-62;

partner, Tompkins,'Lauren and Edelhertz, 1958-62; special counsel to New

York Joint Legislative Committee on Charitable,and philanthropic Agencies

and prganizations-,--1954-55. PublicationsCompensating Crime Victims (forth-

coming); "The Research Process as a Factor id Implementation of Design

Criminal Justice Change", in Proceedings of the Fourth National Symposium

Or

on LawNtnfercement Science and Technology (forthcoming); The Nature, Impact

and Prosecutionof White Collar Crime 1970). Education- -B.A., University

of MAhigan; LL.B., Harvard University Law School.

TROKM, GARY (1),

Professor, Department-of Economics, American University; Senior Fellow

Consultant, Brookings, Institution; Senior Research Associate, National Bur-
.

beau of Economic Research.. Publicationscoauthor, "A Comparison of Eleven

EaonoMetric Models of the United States", in American Economic Reviett;* (May

1971);:\TImp,lications To and From Eonomic Theory in Models of Complex Sys-
,

tems", in American Journal of Agricultural Economics (March 1973); "Econo-

' metric Models in Ebonomic Planning Control Mechanisms ", in IFAC ProCeedings,

(September 1971); and six books on economic Modeling, analysis, and simula-

tion. EducationB.M.E.,,Corneil University; M.S., Massadhusetts Institute

of Technology( M.A.,(Ph.D., Harvard Un7:.%arsity.

GIESE, PAUL E. (2)

Senior Member, Financial Industries Section, Arthur D. 'Little, Inc.;

Boeing Company. Publications--"Automation in the Age of the User", in The

12k
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Challenge of Change in Bahking (1972); coauthor, "Nov/ Its the Less-Check

Society", in Harvard Business Review (November/December 1972). Education- -

B.S., M.B.A., University of Washington.

GOLDSTEIN, JOEL W. (3, 5)

Assistant Professor, Psychology and Industrial Administration, Carnegie-

Mellon University, 1966-present; University of Kansas, 1961-66. Publications

are in drug usage and education, interpersonal relations, and social motiva-

tion, including "On the Significance of /Increasing Student Marijuana Use for

Intended Use of Other Drugs", in Proceedings, 81st Annual Convention, Ameri-

can Psychological Association (1973); "Motivations for Psychoactive Drug Use
%,

Among Students", in Readings in Essentials of Abnormal Psychology. Education--

B.A., Grinnell College; M.A., Ph.D., University of Kansas.

GREENBERGLR, MARTIN (1)

Professor, Mathematical Scienice (1972-present), Professor and Chairman,

,Department of Computer Science, and Director, Information Processing E967-
ti

72),'Johns Hopkins University, 1967-present; Assistant Professor and AsSo-

ciate Professor, Massachusetts Institute of Technology, 1958-67; Teaching

Fellow, Harvard University, 1954-58. Publications--editor, Computers, Com-
. .

m 'cations, and a Public Interest (1971); coauthor, On -Line Computation
, .

Simulation: Th OPS-3 Systeh (1965); coeditor, Management and the Com-

puter of the Future (19421 MicroanalyA4 of Soc oeconomic Systems: ' Simu-

lation

11

lation Study (1961). Education--B.A., M.A., Ph.D., Uervard University.
\

HALL, ROBERT C. (2)
,

President and Chairman of the Board, Securities Industry Automation

Corporation, 1972-preseliLl Vice President and 'rouP "Executive, Customer Sys-
.

,

*terms, Control Data Corporation; Preident, Etollep Computer Products; Sund-
t . 0' .

° stra Corporation;qtepart7Warner Corporation. Education- -B.S., fowa State
k ', -..

Unive sity. A
I

HUNT,,EARL a: (i)

Professor, Psychology and Computer science, and Chairman, Department

of Psychology, University of Washington, 1966-present; Associate Professor,

1-44Z,
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Business Administration and Psychology, University of California at Los

Angeles, 1965-66; Senior Lecturer, Physics (Electronic Computing), Univer-

sity of Sydney, 1963-65; Western Management Science Institute, University

of California at Los Angeles, 1961-62; Assistant Professor/ Yale Univer-

sity, 1960-61; Psychological Rese4rch Associates, 1959. PublicationsEx-

periments in Induction (1966)i ConC'ept Learning: An Information Process-

ing Pi.)blem (1962). Education--B.A., Stanford University; Ph.D., Yale

University.

,JACOBS, DONALD P. (2)

Chairman (1969-present), Department of Finance, Graduate School of Man-'

agement, Northwestern University, 1957-present; Research Associate, National

Bureau of Ecpnomic Research 1966-70; Instructor, City College of New York,

1955-57; Research Staff, National Bureau of Fconomic Research, 1952 -57.

Publicatidns--coauthor, The Impact of Electronic Money Transfers on the Sav-

ings and Loan Business (1972), coauthor, Financial Institutions (1972); co-

author, "Problems in Developing a Bank Information System", in Proceedings

of Information Systems Symposium (August 1967). Education--B.-A., Roosevelt

College; M.A., Ph.D., Columbia University.'

JUSTICE, C. RICHARD (2)

Senior Vice President, National Association of Securities Dealers,

1972-present, and Executive Vice President, National Clearing Corporation,

1970-present, the Mitre Corporation, 1962-68; System Development Corporal

*ion, 1955-62. Education--B.A., Washington and Jefferson College; Univer-

sity of Chicago. \

KAY, ALAN F. (2)

President, AutEx, Inc., 1966-present; Vice President and Member of the

Board of Directors, TRG, Inc., 1954-66. Education- -B.S., Massachusetts In-

stitute of Technology; Ph.D., Harvard University.

KIVIAT, PHILIP J. (1, 5)

Technical Director, Federal Computer Performance Evaluation and Simula-

tion Center (1972-present); Systems Control, Inc., 1971-72; President,
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Simulation Associates, 1969-71; Rand Corporation, 1963-69; U.S. Steel Cor-

poration. 1961-63. Associate Editor ofthe journal, Simulation; Chairman,

College of Simulation and Gaming, The Institute of Management Sciences.

Publications--The SIMSCRIPT II Programming Language (1969); coauthor, Simu-

lation with GASP II (1969). Education--B.S.M.E., M.I.E., Cornell University.

KLING, ROBERT (4)

Assistant Professor,'Department of Information Sciences, and Research

Associate, Public Policy Research Organization, University of California at

Irvine; Assistant Professor, Department of Computer Sciences, University of

Wisconsin, 1971-73; Stanford Research Institute, 1966-71. His research is

in tne areas of complex information-processing systems, heuristic problem

solving, robots, and educational consulting. Publications--"Towards a

Person-Centered Computer Technology", in Proceedings, 1973 ACM National Con-

ference, and technical contributions to the liLerature of reasoning by

analogy as an aiu to automatic problem solving. Education--B.A., Columbia

University; M.S., Ph.D., Stanford University.

LARSON, HARRY T. (3)

Director of Operations Planning, California Computer Products. He has

also worked for the National Bureau of Standards, Hughes Aircraft, TRW,

Aeronutronic Division of Philco/Fora. Education--B.S., University of Cali-
\

fornia at Berkeley; M.S., Unive4sity of California at tos Angeles.

LYKOS, PETER (5)

Professor (1964- present),, Illinois Institute of Technology, 1955 -

present; recently completed two years of work with the Division of Compu-

ter Research, National Science Foundation, where he created a new program

entitled Computer Impact on Society. He is a National Lecturer for the As-

sociation for Computing Machinery (ACM) and is chairman of ACM's Special

Interest Group on Computers and Society. Education--B.S., Northwestern Uni-

versity; Ph.D., Carnegie-Mellon University.

1.)1;$
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MARTIN, DAVID B. H. (4)

Special Assistant to the Secretary of Health, Education and Welfare,

1970-present, and Executive Director of the Secretary'sAdvi.sory Committee

on Automated Personal Data Systems, 1972-present; Senior Consultant and

Acting Deputy Director, Urban Law Institute, The National Law Center, The

George Washington University, 1970. Education--B.A., Yale University;

L.L.B., Harvard University.

j

MARVICK, DWAINE (3)

Professor (1957-present), Department of Political Science, University

of California at Los Angeles, 1954-present; University of Michigan, 1.953-'54.

Publications--Career Perspectives in a Bureaucratic Setting; Political De-

cision Makers; coauthor, Campaign Pressures and Democratic Consent.

Education--Ph.D., Columbia University.

McCRAC 'N, DANIEL D. (4)

Aut or of a number of textbooks on computer programming and chairman
.

of the Association for Computing Machinery's Committee on Computers anu Pub-

lic Policy. PublicationS-Pub/ic Policy and The Expert (1971).; coeditor,

To Love or To Perish: The Tecnnological Crisis and The Churches (1972).

Education--B.A., Central Washington State College.

'MOKAY, NEIL (2)

Executive Vice President and Cashier, The First National Bank of Chi-

cago, andExecutive Vice President and Secretary, First Chicago Corporation,

1963-present; member/partner of the Chicago law firm of Winston, Strawn,

Smitn, & Patterson, 1946-63. Education--B.A., University of Michigan; J.D.,

University of Michigan Law School.

McQUOWN, J. A. (2, 5)

Vice President, Management Sciences Department,(1968-present), Wells

Fargo Bank, 1964-present. Education--B.S., Northwestern University; M.B.A.,

Harvard University; New York University.
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MtA3OWS,DENNIS L. (1}

Professor, Dartmouth College, 1972-present; Assistant Professor, A. P.

Sloan School'of Management, Massachusetts Institute of Technology, 1969-72;

Director, Project on the Predicament, of Mankind, 1970-72. Publications- -

coauthor, The Limits to Growth.(1972);'coauthor, Town and Globa2,Equilib-

rjum (1972); Dunamics of Commodity Production Cycles 11970). Education- -

B.A., Carleton College, Ph.D.,.Massacnusetts Ins,titute of Technology.

MEIER, RICHARD L. (1)

Professor, Environmental Design, University of California at Rprkeley,

1967-present; Research Cnemi!st, Standard Oil of California; Executive Secre-

tary, Federation of American Scientists; Assistant Professor, University of

Chicago; Associate Professor,' University of Michigan. 'PublicationsCommu-

nications Stress (1972); Resource-Conserving Urbanism: Progress and Poten-

tials (1971); Science and'Ecopomic Development (1966); A Commiunications,

Theory of Urban Growth (1962). Education--B.S., University of Illinois;

Ph.D., University of California at,Los Angeles..

MELNIKOFF, MEYER (2)

Senior Vice'President (1966-present) and Actuary, Prudential Insurance

Company of America', 1939 - present. Education--B.A., M.A., Montclair State

College.

4e
MEYR, JOHN R. (2)'

Professor, Yale University, and President, National Bureau of Economic

Research. Publications--coauthor, The Role of Transportation in Regional

Economic Development (1971); coauthor, Managerial Economics (1970);* coau-
-,

thor, Techniques of Transport Planning (1970); coauthor, Investment Deci-

sions, Economic Forecasting & Public Policy (1964). Education--B.A., Uni-

versity of Washington; Ph.D., Harvard University.

MORGAN, DAVID H. (2)

President, National Clearing Corporation; Director, National Clearing

Corporation; Director, Depository Trust Company; President, Pacific Coast

1421,1.)
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Stock Exchange Clearing Corporhtion; Peat', Marwick, Mitchell & Co.; U.S.

'Steel Corporation. Education--B.S., Northwestern University.

MORGAN M. GRANGER (1, 2, 3, 4, 5)

Program Director; Computer Impact on the Individual Program, Division

of Computer Research, National Science Foundation; Director, Computer Jobs

Through Training, and Lecturer (1970-71) .and Acting Assistant Professor

(1971-72), Department of Applied Physics and Information Science, University

of California at San Diego, 1969-72. Education- -B.A., Harvard University;

M.S. Cornell University; Ph.D., University of California at San Diego.

NATHANS, ROBERT (3)

Professor, Physics anU Engineering, and Chairman, Department of Urban.

Science and Engineering, State University of New York at Stony. Brook, 1968-
'

present; Senior Physicist, BNL, 1960-68; Physicist, Massachusetts Institute

of Teghnology, .1956-60; Professor, University of Osaka, Japan, 1958-59; As-

sociate Professor, Physics, Pennsylvania State University, 1954. Educa-

tionL-B.S., University of Delaware; M.S., University of Minnesota; Ph.D.,

University of Pennsylvania.

'NOVICK, DAVID (2)

Head, David Novick Associates; Rand Corporation, where he continues as

a consultant, 1949-71.' He has also held a wide range of positions in univer-
.

sities, government, and business. Publications -- Current Practice'in'Program

Budgeting (PPBS) (1973); Program Budgeting (1967).

PHILLIPS, ALMARIN (2)

Chairman, Department of Economics; University of Pennsylvania. He has

also taught at Ohio State University,,London'Graduate School of Business

Studies, University of Warwick, University of Hawaii, University of Pennsyl-

vania, University of Virginia,.and Harvard University., Publications- -

Technology and Market Structure: A Study of the Aircraft,Industry (1971);

coeditor, Prices: Issues in Theory, Practice.and Policy (1968); editor,

PerspvCtiveS and Anti-trust Policy (1965). Education--B.S., M.A. University

of Pennsylvania; Ph.D.) Harvard University.
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SEDELOW, SALLY YEATES (3)

Professor, Computer Science and Linguistics, University of Kansas, 1970 -

present; Aqsociate Professo, English\and Computer & Information Science,

University of North Carolina, Chapel Hill, 1966.!70; consultant, System Devel-

,opaent Corporation, 1964-67; Assistant Professor, English, St. Louis Univer-

sity, 1964-66; Human Factors Scientist, System Development Corporation, 1962-

64. Publications--coauthor, The Computer and Language Research: A Study of-
,

the Concept of a National Center/Network for Computational Research on Lan-

guage; coauthor, "Models, Computing, and S4tylistics", In Current Trends in

Stylistics '(1972); "The Computer in the Humanities and Fine Arts", in Comput-

ing Surveys (tune 1970). Education- -B.A., University of Iowa; M.A., Mount

Holyoke College; Ph.D., Biyn Mawr College.

SELWYN, LEE L. (4)

President, Economics and Technology, Inc., and member of the faculty,

College of Business Administration, Boston University. His publications in-

clude a wide variety of papers and articles on the economics of computer
w.

and telecommunications, public policy,, financial management, and the merg--Th
_--

ing of computer and telecommunications technology. Education--B.A.,.Queens

, College; Ph.D., Massachusetts Institute of Technology.

SHERIDAN, THOMAz 13. (4, 5)

Professor, Department of Mechanical Engineering (1970-present), Massa-
,

chusetts Institute of Technology, 1956-present; consultant to General Elec-

tric, General Motors, Biodynamics, and Westinghouse. Professional inter-

ests include mathematical moden of human operator in control systems, re-

mote manipulation, and man/computer interactions. Education--B.S., Purdue

University; M.S., University of California at Los Angeles; Sc.D., Massachu-

setts Institute of Technology.

SMITH, WILLIAM D. (3)

New York Times, 1959-present. PublicationsNorthwest Passage: The

Voyage of the S.S. gannattan. Education--B.A., Columbia College.
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SPOFFORD, WALTER O., JR. -(1)

Research. Associate, Resources for the Future, 1968-present; Captain,

U.S. Army, 1966-68; Research Fellow, Center for Population Studies, Harvard

University, and Ford FoundationConsultant in Egypt, 1965-66; Research As-

sistant, Harvard University, 1961-65. Publications--coauthor, "A Quantita-

,tive Framework for Residuals Management Decisions", in Environmental Quality

Analysis: Theory. and Method in the Social Sciences (1972); "Residuals Man-

agement: An Overview of the Global Problems", in Man's Impact on Terres7

trial and Oceanic Ecosystems (1971). Education--B.S., Northwestern Univer-

sity; M.S., Ph.D., Harvard University.

TANNENBAUM, PERCY H. (3)

Professor, Graduate School of Public Policy, University of California

at Berkeley, 197Q-present; Professor, Communication and Psychology, Univer-

sity of Pennsylvania,,1967-70; University of Wisconsin, 1959-G7; University

of Illinois, 1954-58; Michigan State University, 1953-54; University of Il-

linois, 1950-53. Publications--"Replacement of Words in Hesitation Environ-

ments", in The Psychosociology of Language (1972); "The Individual as a Re-

ceiver System", in Communication and Development; coeditor/coauthor, Theo-

ries of Cognitive Consistency {1968). Education- -B.S., McGill University;

M.S., Ph.D., University of Illinois.

TAVISS, IRENE (3)

Harvard University, 1966-present; has also taught at Brooklyn College.

Publications--Our Tool-Making Society (1972); coeditor, Human Aspects of

Biomedical Innovation (1971); editor, The Computer Impact (1970). Educa-

tionB.A., Brdoklyn College; Ph.D., Harvard University.

THOMPSON, FREDERICK B. (4)

Professor, Applied Science and Philosophy, California Institute of

Technology, 1965-present; Project Engineer, Information Systems Theory Proj-

ect, General Electric Company, 1959-65. Publications--"The Nature and Role

of Data in Cuwmand ana Control", in Proceedings of the National Meeting of

the American Psychological Association (1964); "Man-Machine Communications",

in Proceedings of Seminar on'Computational Linguistics (1966); "How Features
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Resolve Syntatic Ambiguity", in Proceedings of National Symposium on Infor-

mation Storage and Retrieval (1971); "The Future of Specialized Languages ",

in Proceedings of SJCC (1932); "The REL System", in Proceedings of Symposium

on Computer and Information Science (1972). Education--B.A., M.A., Univer-

sity of California at Los Angeles, Ph.D., University of California at

Berkeley.

VEROUGSTRAETE, JAMES_R. (1)

Associate Director for Regional Analysis, San Diego Regional Council of

Governments, 1970-present; Associate Professor and Project Director, Univex-

sity of Tennessee, 1968-70; Tri-County Regional Planning Commission, Michi-

gan, 1964-68. Publications--coauthor, CPO Regional Model System: A Non-.

Technical Description (1972); Population and Housing Estimating Systems

(1971); coauthor, Urban Development Models and the Regional Planning Pror-

ess. Education--B.S., M.S., Michigan State University.

WARE, WILLIS H. (1, 5)

Senior Computer Scientist, Rand Corporation. Publications- -The Ulti-

mate Computer (1972); Comfuters in Society's Future (1971); Limits of Com-

puting Power (1971); Comphter Data Banks and-Security Controls (1970).

Education--B.S., University of Pennsylvania; M.S., Massachusetts Institute

of Technology; Ph.D., Princeton University.

WEATHERSBY, GEORGE B. (1)

Associate Director, National Commission on the Financing of Postsecond-

ary Education and White House Fellow, 1973; Special Assistant to the Secre-

tary of State and White House Fellow, 1972; Associate Director, Analytical

Studies, Office of the Presiuent University of California, 1969-72. Pub-

lications--"Educated Manpower and National Goals", in Manpower (1972); co-

author, Statewide Planning for Postsecondary Education: Issues and Design

(1971); coauthor, Outputs of Higher Education: Their Identification, Mea-

surement, and Evaluation (1970). Education--B.S., M.S., M.B.A., University

of California at Berkeley; A.S., Ph.D., Harvaru University.

1.
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WEINGARTEN, FRED W. (*)

Program Director, Special Projects, Division of Computer Research,

National Science Foundation, 1972-present; Director, Institute for Educa-

tional CoMputing, The Claremont Colleges, Assistant Protessor, Department

of Computer Science, Harvey Mudd College, and Member, Faculty in Mathema-

tics, Claremont Graduate School, 1969-72. Publications--"An Educational

Computing Network", in Proceedings of ON-LINE 72 Conference, Brunel Uni-

versity, Uxbridge, England (1972); "An Analysis of Regional Computing", in

Proceedings of First Symposium of the Pacific Northwest Cooperative Com-

peting Center (1972); An Introduction to the Educational Use of the Com-

puter (1972). Education--B.S., California Institute of Technology; M.S.,

Ph.D., Oregon State University.

WEIZENBAUM, JOSEPH (4)

Fellow, Center for Advanced Study in the Behavioral Sciences, Stanford

University; on leave from Massachusetts Institute of Technology, where he is

a Professor of Computer Science. Professional interests include artificial

intelligence, and imminent and actual interplay of computer technology and

society.

WHITE, GEORGE C., JR. (2)

Vice President and Operations Planning Executive, The Chase Manhattan

Bank, 1972- present; Vice President, Irving Trust Company. He represents

Chase Manhattan Bank on the Payment Systems Committee at the New York Clear-

ing House Association and is chairman of the Committee's Future Plans Sub-

committee. His publications include a number of speeches and articles on

the electronic transfer of funds And securities. Education-- B.S.., Purdue

University. Massachusetts Institute of Technology.

WHITE, THOMAS (3)

Director of'Communications, American Federation of Information Proces-

sing Societies. He has also worked for Mutch Haberman Joyce (an advertising

*A National Science Foundation observer for Workshops 1, 2, 3, and 4.
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and public rqlations firm) and M. W. Kellogg Company Division of Pullman In-

cdrporated.

WHITHED, MARSHALL H. (4)

Assistant Professor, Department of Political Sciehce, Temple University.

Publications--"Urban Dynamics and Public Policy", in IEEE Transactions on

Systems, Man, and Cybernetics (1972); editor, Urban Simulation Handbook

(1972); "Technological Analysis and Democratic Policy-Making", in SIGCSE'

Bulletin: A Quarterly Publication of the Special Interest Group on Computer

Science-Education (1972); "Computer-Based Urban Planning Systems and the

User Interface", in Proceedings of 7th Annual ACM Urban Symposium, New York

(1972). Education- -B.A., M.A., University of Massachusetts; Ph.D., Tufts

University.

YAMAMOTO, WILLIAM S. (1)
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